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Chapter 1: Introduction 
1.1 Research background 
Geologists have studied the “Tethyan Ocean” for more than 130 years since 
Melchior Neumayr first proposed the concept in 1885 (Burg and Chen, 1984; 
LeFort, 1975; Metcalfe, 2013; Muttoni et al., 2009; Sengor, 1987; Stampfli et al., 
2013). As final evolutional stage of Tethyan Ocean, the collision between India and 
Eurasia not only created the youngest collisional orogen — the Himalayan Orogen 
(Figure 1-1), but also gave rise to the third pole — the Tibetan Plateau, significantly 
affecting topography and climate process of our planet (Boos and Kuang, 2010; Yin 
and Harrison, 2000; Zhu et al., 2013). 
 
Figure 1-1 Simplified geological map of the Himalayan Orogen and Tibetan plateau. Tectonic 
unit subdivision is based on Wu et al. (2016). The yellow rectangle shows the study area. The 
topographic map is from Google Earth.  
The Tethyan Himalayan Sequence (THS) is located in the northernmost and 
structurally highest position of the Himalayan Orogen, recording evolution of the 
northern Indian margin (Sciunnach and Garzanti, 2012). In the Shannan area of 
southeastern Tibet, the Upper Triassic Langjiexue Group and Nieru Formation lie 
immediately south of the Yarlung-Tsangpo Suture Zone (YTSZ). The Upper 
Triassic sequence carries geologic history of the Tethyan Ocean and preserves post-
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collisional metamorphic-deformational style, representing an ideal entity to study 
pre- to post-collisional geologic process of eastern Tethyan realm.  
The provenance of the Upper Triassic Langjiexue Group has been hotly debated. 
Conventional interpretations suggest the origin from the northern Indian margin 
(Garzanti, 1999; Liu and Einsele, 1994). Southward paleocurrent indicators imply 
derivation from the northern Lhasa terrane (Li et al., 2003; Xu et al., 2011). Ao et 
al. (2018) proposed that the eastern THS represents an accretionary prism rather 
than a passive margin shelf. These competing models challenge paleogeographic 
reconstruction of the Tethyan Ocean prior to collision. Meanwhile, research on 
post-collisional evolution of the eastern THS remains relatively insufficient. Most 
studies concentrate on the THS in Nepal and northwestern India (Kellett and Godin, 
2009; Larson et al., 2010; Murphy and Yin, 2003; Vannay and Steck, 1995; 
Wiesmayr and Grasemann, 2002). Quantitative constraints on structural 
deformation analysis, metamorphic temperature and pressure and absolute isotopic 
age of deformational event of the Upper Triassic sequence of the eastern THS are 
lacking, making correlations of regional evolution along strike of the Himalayan 
Orogen difficult.  
In this study, the Upper Triassic sequence in the Shannan area of southeastern 
Tibet was chosen as the research objective. Multiple methods, including fieldwork 
survey, detrital compositon and heavy mineral assemblage analysis, whole rock 
geochemistry, detrital zircon U-Pb dating, illite X-ray diffraction, fluid inclusion 
microthermometry and Raman spectroscopy, EMPA and 40Ar-39Ar dating, were 
used to investigate paleogeographic reconstruction in the Late Triassic and tectonic 
evolution after the collision.  
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1.2 Review of previous research 
1.2.1 Tectonic units of the Himalayan Orogen 
The Himalayan Orogen consists of several units from north to south: the THS, 
the Higher Himalayan Crystalline (HHC), the Lesser Himalayan Sequence (LHS) 
and the Sub-Himalaya (SH). Boundaries between these units from north to south 
are the Southern Tibetan Detachment System (STDS), the Main Central Thrust 
(MCT), the Main Boundary Thrust (MBT) and the Main Frontal Thrust (MFT) 
(Figure 1-2) (Yin, 2006). 
 
Figure 1-2 Simplified geological map of the Himalayan Orogen, modified after Yin and 
Harrison (2000) and An et al. (2017). 
The THS is thrusted northward over the YTSZ by the Great Counter Thrust 
(GCT). In the south it lies in the hanging wall of the STDS, separated from the HHC. 
The THS comprise Proterozoic to Paleogene terrigenous sediments and carbonate 
rocks interbedded with Paleozoic and Mesozoic volcanic rocks (Yin, 2006). The 
THS contains pre-rift, syn-rift, passive continental margin and syn-collisional 
sequences, documenting complete Wilson cycle of the northern Indian margin 
(Garzanti, 1999; Gehrels et al., 2011; Liu and Einsele, 1994). Mississippian to 
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Lower Permian syn-rift sequence and faunal correlation within Permian strata 
suggest the Lhasa terrane’s separation from the Gondwana in Late Paleozoic, which 
means the Neo-Tethys Ocean was already opened (Sciunnach and Garzanti, 2012; 
Zhang et al., 2013). 
The HHC bounded between the STDS and the MCT consists of 
Paleoproterozoic to Ordovician (1800 Ma — 480 Ma) high-grade metamorphic 
rocks (Yin, 2006). During Eocene to Oligocene, the HHC experienced prograde 
metamorphism from amphibolite facies to granulite facies as the result of crustal 
thickening (Xu et al., 2013). Oligocene to Miocene magmatism produced the 
leucogranite belt within the HHC (Daniel et al., 2003; Searle et al., 2003). 
The LHS bounded between the MCT and the MBT consists of Proterozoic to 
Cambrian (1870 Ma — 520 Ma) meta-sedimentary rocks, meta-volcanic rocks and 
augen gneisses (Yin, 2006). Located in the hanging wall of the MFT, the SH 
consists of Miocene to Pleistocene Siwaliks Formation molasse.  
1.2.2 Initial collisional age 
The evolution of the Himalayan Orogen must be depicted in the context of the 
Indian-Eurasian convergence (Yin and Harrison, 2000). The initial collisional age 
remains one key point, which is defined here as when continental crust commences 
to contact after subduction of oceanic crust (Hu et al., 2017). The initial collisional 
age has been proposed between 70 Ma and 34 Ma due to selection of different 
methods (Hu et al., 2017). The results are summarized as below: 
(1) Paleomagnetism evidence. As documented in the Cenozoic magnetic 
anomaly of the Indian Ocean, drastic decrease in spreading rate of the plate at ca. 
55 Ma demonstrates India’s collision with Eurasia before (Klootwijk, 1992; 
Klootwijk et al., 1994). Paleolatitude of the Lhasa terrane determined by magnetic 
investigations of the Linzizong volcanic rocks suggests the initial collisional age 
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between 60 Ma and 49 Ma (Chen et al., 2010; Huang et al., 2015; Liebke et al., 
2010). 
(2) Eclogites and high pressure granulites. Peak metamorphic ages of coesite 
eclogites from the northwest Himalayan Orogen range between 51 Ma and 46 Ma 
(Donaldson et al., 2013; St-Onge et al., 2013; Wilke et al., 2010), indicating the 
initial collisional age at ca. 57 Ma (Leech et al., 2005). Zircon geochronology 
studies of granulites of the eastern syntaxis show that high pressure and high 
temperature metamorphism occurred at ca. 48 Ma to 40 Ma, implying the initial 
collisional age of ca. 50 Ma (Ding et al., 2016; Ding et al., 2001). 
(3) Stratigraphic records. The transition from marine facies to continental facies 
at ca. 52 Ma in the Zanskar area of northeastern India was interpreted as an indicator 
of the initial collision (Gaetani and Garzanti, 1991; LeFort, 1996; Rowley, 1996). 
Recent recognition of the youngest marine strata confirmed by foraminifers and 
nannofossils in southern Tibet suggests that shallow sea depositions still existed 
until Priabonian (38 Ma — 34 Ma), implying a much later initial collisional age 
(Jiang et al., 2016). Provenance analysis of the Sangdanlin cross section in the Saga 
area and evolution of Himalayan starved foreland basins suggest the initial 
collisional age of ca. 59 Ma with no diachroneity along strike of the Himalayan 
Orogen (Hu et al., 2017). 
1.3 Research purpose 
This study contains three aspects of the research purpose as follows: 
(1) To determine the tectono-stratigraphic architecture and deformational 
characteristics of the Upper Triassic sequence. 
(2) To reconstruct the paleogeographic configuration in the Late Triassic. 





In this study, based on field geologic survey, multiple methods were used to 
constrain provenance and post-sedimentary evolution of the Upper Triassic 
sequence in southeastern Tibet.  
1.4.1 Detrital composition analysis 
Detrital composition/mode analysis is a routine technique in sedimentary 
provenance research, which employs the Gazzi-Dickinson method (Dickinson, 
1985; Dickinson and Suczek, 1979; Ingersoll et al., 1984) to count the number of 
detrital grains greater than 62.5 μm for at least 300 grains. The percentages of 
detrital grains are used to produce ternary diagrams.  
Table 1-1 Classification of detrital grains of the Gazzi-Dickinson method. 
Abbreviation Full name Explanation/Example 
Qm Monocrystalline quartz Sedimentary quartz 
Qp Polycrystalline quartz Recrystallized quartz 
Q Quartz Qm+Qp 
Pl Plagioclase Polysynthetic twin 
KF K-feldspar Carlsbad twin 
F Feldspar Pl+KF 
Lc Carbonate lithic fragments Limestone, marble 
Lp Terrigenous lithic fragments Siltstone 
Lch Chert Siliceous rock 
Ls Sedimentary lithic fragments Lc+Lp+Lch 
Lv Volcanic lithic fragments Rhyodacite 
Lu Ultramafic lithic fragments Serpentinite 
Lm Metamorphic lithic fragments Slate, phyllite 
L Lithic fragments Ls+Lv+Lu+Lm 
Lt Total lithic fragments L+Qp 
Acc Accessory minerals Muscovite, zircon 
Detrital grains can be classified into mineral grains and lithic fragments (Table 
3-1). Mineral grains are subdivided into quartz (monocrystalline and polycrystalline 
quartz), feldspar (plagioclase and K-feldspar), and accessory minerals (e.g., mica, 
zircon). Lithic fragments comprise sedimentary fragments (carbonate, chert), 
igneous fragments (felsic volcanic, ultra-mafic igneous lithic), and metamorphic 
fragments (slate, phyllite). 
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1.4.2 Heavy mineral assemblage 
Heavy mineral separation from sandstone was carried out in the Hebei Regional 
Geological Survey and Resource Exploration Institution. The samples were crushed, 
sieved by meshes of 0.25 to 0.0625 mm, and rinsed with water. Heavy minerals 
were selected using heavy liquid lithium polytungstate (density of 2.89 g/cm3) and 
identified under an optical microscope.  
Randomly selected zircons were mounted in araldite resin and polished. Optical 
photographs were taken after observation under a microscope. 
Cathodoluminescence images of the zircons were used to evaluate internal 
structures at the State Key Laboratory of Geological Processes and Mineral 
Resources, China University of Geosciences (Wuhan). 
1.4.3 Whole-rock geochemistry 
Sandstone samples were collected for chemical composition analysis at the No. 
203 Research Institute of Nuclear Industry, Xianyang. The major element analyses 
were performed using an Axios X-ray fluorescence sepctrometer manufactured by 
Panalytical. The trace element concentrations were measured using an XSERIES2 
inductively coupled plasma mass spectrometer manufactured by Thermo Fisher 
Scientific. The accuracy was estimated to be better than 2% for major elements and 
5% for all trace elements.  
1.4.4 Detrital zircon U-Pb geochronology 
The U-Pb isotope dating of detrital zircon was conducted at the Mineral Laser 
Microprobe Analysis Laboratory (Milma Lab), China University of Geosciences 
(Beijing), using Laser Ablation Multicollector Inductively Coupled Plasma Mass 
Spectrometry and an Agilent 7900 ICP-MS coupled with a NewWave 193UC ArF 
excimer laser system operating at a wavelength of 193 nm and with a spot diameter 
of 35 μm. The U-Th-Pb concentrations were calibrated against the standard zircon 
91500 (Wiedenbeck et al., 2004), which was analysed twice every 10 grains. NIST 
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610 was chosen as the external standard for the element compositions. The standard 
zircon GJ-1 (Jackson et al., 2004) and Plesovice (Sláma et al., 2008) were used for 
monitoring during the isotopic analyses. The data were processed by the 
ICPMSDataCal (Hu et al., 2012). The uncertainties of isotopic ratios and ages were 
given at 1σ. The common Pb correction followed the method of Andersen (2002) 
using the Excel program.  
1.4.5 X-ray diffraction 
Measurements of illite crystallinity (IC) of pelitic rocks were conducted in the 
Geological Survey of Japan, Tsukuba. The samples were first crushed in a swing 
mill for ca. 10 seconds. 10 grams of powder were mixed with purified water to form 
suspension and then kept for 24 hours. Concentration of ≤ 2 μm clay minerals by 
centrifugation preceded production of sedimented slides. The average thickness of 
5–10 mg/cm2 for each slide was guaranteed. The slides were analyzed by a 
RINT2000 X-ray diffractometer under the following conditions: CuKα radiation at 
40 kV and 100 mA, step scan speed of 1° 2θ/min, divergence slit of 1°, receiving 
slit of 0.3 mm, and scan range between 6.5° 2θ and 10.5° 2θ. 
1.4.6 Fluid inclusion microthermometry and laser Raman spectroscopy 
Quartz vein samples were selected from two deformational stages to produce 
double-sided polished thin sections (thickness of 0.2 mm) for petrographic 
observation under a microscope. Fluid inclusion microthermometry was 
accomplished by a Linkam freezing/heating system with the accuracy of ±0.1 ℃ 
at the University of Tsukuba. Heating rate was maintained at 1 ℃ /min for 
measurements of Tm and Th. Laser Raman spectroscopy analyses were completed 
by a LabRam HR Laser Micro-Raman Spectrometer manufactured by French 
HORIBA JOBIN YVON at the Fluid Inclusion Laboratory of Institute of Geology 
and Geophysics, Chinese Academy of Sciences. 
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1.4.7 Electron microprobe analysis 
EMPA of minerals were carried out by a JXA8530F manufactured by JEOL at 
the Chemical Analysis Division of the Research Facility Center for Science and 
Technology of the University of Tsukuba. The measurement conditions were as 
followings: voltage of 15 kV and current of 10 nA with the precision of 0.01%. The 
results were processed by an oxide-ZAF correction program provided by JEOL.  
1.4.8 40Ar-39Ar geochronology 
The 40Ar-39Ar isotopic dating of mica minerals was completed at the Analytical 
Laboratory of Beijing Research Institute of Uranium Geology. A proper amount of 
micas at size of 40–60 mesh was first washed. Each sample was then wrapped 
separately with aluminum foil. Several samples were irradiated for 24 hours in the 
fast reactor of the China Institute of Atomic Energy after fused within quartz tubes 
and covered by cadmium (thickness of 1 mm). The samples after irradiation were 
step-heated in the double vacuum furnace of ultra-high vacuum argon separation 
system. Released gas was purified by NG PREP SYSTEM. At room temperature, 
the background of 40Ar was less than 1.0 × 10-15 mol; at 1300 ℃, the background 
was less than 1.0 × 10-14 mol.  
Ar isotopic compositions were measured in static mode by a Helix SFT noble 
gas mass spectrometer. Age spectra were given by incorporation of step-heating 
ages and cumulative 39Ar percentages using the ArArCALC ver2.4 software. Initial 
ratios of 40Ar/39Ar and isochron ages were obtained by the linear fitting method. 
GBW04418 hornblende (K = 0.729 ± 0.005%, 2060 ± 8 Ma) and ZBH-25 biotite 




Chapter 2: Regional geologic setting 
In the Shannan area of southern Tibet, three first-order tectonic units can be 
identified from north to south: the Lhasa terrane, the YTSZ and the THS. 
The Lhasa terrane is composed of Precambrian crystalline basement, Paleozoic 
to Mesozoic sedimentary cover and Mesozoic to Cenozoic igneous rocks (Gehrels 
et al., 2011; Yin and Harrison, 2000; Zhang et al., 2014b). The southern Lhasa 
margin is characterized by wide-spread calc-alkaline magmatic outcrops of the 
Gangdese Batholith with ages ranging from Cretaceous to early Paleocene, and the 
Linzizong volcanic sequence. These units are products of Andean-type convergent 
continental margin tectonics resulting from northward subduction of the Neo-
Tethys Ocean (Searle et al., 1987; Wen et al., 2008; Yin and Harrison, 2000). The 
Zedong arc, previously interpreted as an intra-oceanic arc during the Middle to Late 
Jurassic (Aitchison et al., 2007; McDermid et al., 2002), was revisited and 
considered to be a part of the active margin of the Lhasa terrane (Zhang et al., 
2014a). The recently discovered Sumdo eclogite metamorphic-magmatic belt in the 
southeastern Lhasa terrane (Dong et al., 2011; Yang et al., 2009; Zhu et al., 2009b) 
is interpreted to represent one collisional event between either the northern and 
southern Lhasa (Zhang et al., 2014b) or the Lhasa terrane and the northern 
Australian margin (Zhu et al., 2009b), giving rise to the Permian to Triassic orogeny 
within the Lhasa terrane. The Lower Cretaceous Xigaze forearc basin sediments 
consist of the Chongdui, Sangzugang, Ngamring, Padana, and Cuojiangding 
Formations, documenting upward-shallowing feature (An et al., 2014). Detrital 
zircon geochronology study of the Chongdui Formation indicates that the forearc 
basin began receiving volcaniclastic detritus from Lhasa at 113 Ma — 110 Ma 
(Wang et al., 2017b).  
The YTSZ contains exposures of ophiolite complexes representing the 
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boundary between India and Eurasia. These ophiolites, stretching from the Nanga 
Parbat syntaxis to the Namche Barwa syntaxis, include the Nidar ophiolitic 
complex, Spontang ophiolites, Xigaze ophiolites, and Zedang-Luobusa ophiolites 
(Hébert et al., 2012), which formed between the Jurassic and Cretaceous in a supra-
subduction zone (SSZ) setting (Hébert et al., 2012). Accretionary complexes, such 
as the Xiukang melange west of Xigaze, are recognized along the suture zone (An 
et al., 2017; Cai et al., 2012). These accretionary complexes, consisting of an 
abyssal shale and chert matrix with blocks of mafic to ultra-mafic rocks, seamounts, 
and trench-fill sandstones, are considered to document the subduction—accretion 
process of the Neo-Tethys Ocean plate in the Late Cretaceous, prior to the collison 
between India and Eurasia (An et al., 2017; Cai et al., 2012). 
Separated by the Gyirong-Kangmar thrust (GKT), the THS is divided into two 
parts: the northern and southern zones (Liu and Einsele, 1994). The northern zone 
is composed of low-grade metamorphosed deep-sea sediments deposited on 
continental slope; shallow-water sediments constitute the southern zone. The Upper 
Triassic sequence including the Langjiexue Group and the Nieru Unit in the 
Shannan area, lies within the northern zone of the THS. These rocks consist of 
interlayering combinations of sandstones and mudrocks, outcroping widely 
(>10,000 km2) between the county of Rinbung and the eastern syntaxis Namcha 
Barwa. The northern and southern boundaries are the GCT and the Chamda-Lhunze 
thrust, respectively.  
Depositional age and tectonic nature of the Upper Triassic sequence have been 
debated. Previous geological surveys assigned the Early Cretaceous or the Late 
Triassic for deposition of these rocks (unpublished geological reports). In 2004, the 
1:250,000 geological investigation in the Lhunze-Zhari area of southeastern Tibet 




Figure 2-1 Geological map of the Upper Triassic sequence in the Shannan area. 
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the ophiolite mélange within the YTSZ. A new tectono-stratigraphic unit termed the 
Cretaceous Langxian mélange (KL) was established accordingly. Pan et al. (2012) 
and Wang et al. (2013) considered the Langjiexue Group together with the so called 
Yumen ophiolite mélange as fore-arc accretionary complexes associated with 
northward subduction of the Neo-Tethys Ocean.  
In the Shannan area of southeastern Tibet, one central zone (width of 2-3 km) 
with characteristic vertical is identified as the “core” of the Upper Triassic sequence 
(Fang et al., 2018). In the light of metamorphic-deformational superimposition, the 
Upper Triassic sequence is interpreted as an assemblage of stratal packages with 
different structural positions and degrees of metamorphic deformation (Figure 2-1). 
These rocks are subdivided into three units according to lithologic combination and 
structural deformation, which are the Luolin Group, the Langjiexue Group, and the 
Nieru Unit. From north to south, the Upper Triassic sequence demonstrates 
decreasing intensity in structural deformation. Two phases of cleavage deformation 
are identified in the Luolin Group, while only one phase of S0 folding deformation 
is detectable in the Langjiexue Group and the Nieru Unit.  
2.1 Tectono-stratigraphic architecture 
2.1.1 The Luolin Group 
The Luolin Group, a penetratively deformed sequence under greenschist 
metamorphism, is thrusted northward over the YTSZ by the GCT. Its southern 
boundary is the central zone, separated from the Langjiexue Group to the south. 
The Luolin Group is further subdivided into six units from north to south, which 
are the Jiacha Unit, the Sangdong Unit, the Pumu Unit, the Jiangre Unit, the Sela 
Unit, and the Banglang Unit, respectively. The boundaries among these units are 
south-dipping thrusts or brittle-ductile shear zones. 




Figure 2-2 Field photos of the Luolin Group. (a) Sandstone and phyllite of the Jiacha Unit. (b) 
Lenticular block of limestone in the Jiacha Unit. (c) Panoramic occurrence of the Sangdong 
Unit. (d-e) Syn-deformational quartz veins of the Pumu Unit. (f) Phyllite of the Jiangre Unit.  
limestone, and intermediate volcanic rocks are also discovered (Figure 2-2a, b). The 
Sangdong Unit is composed of sericite phyllite and meta-sandstone (Figure 2-2c). 
The proportion of sericite phyllite and biotite-bearing phyllite increases towards 
lower section of this unit. The Pumu Unit is characterized by large volume of meta-
mudrocks, including (carbonaceous) sericite phyllite and biotite-bearing sericite 
phyllite (Figure 2-2d, e). Lenticular blocks of sandstone are “floating” within 
mudrocks. Extensive syn-deformational quartz veins can be found as folded S1 
veins or S2 veins parallel to the south-dipping foliation. The Jiangre Unit is 
identified as the assemblage of meta-sandstone and sericite phyllite (Figure 2-2f, g). 
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Local outcrops of marble and volcanic rocks are recognized. The Sela Unit is 
distinguished from other units for containing carbonaceous sericite phyllite, garnet 
mica schist, and garnet-bearing epidote amphibolite (Figure 2-2h). The latter is 
surrounded by garnet mica schist in the central area of the Sela Unit. The 
southernmost part of the Luolin Group is the Banglang Unit, which is made up of 
alternating layers of sandstone and (carbonaceous) sericite phyllite (Figure 2-2i, j). 
Primary sedimentary structures, such as Bouma sequences and load casts, are 
observable (Figure 2-2k, l).  
 
Figure 2-2 (continued) (g) Meta-sandstone and deformed quartz veins of the Jiangre Unit. (h) 
Outcrop of garnet mica schist and garnet-bearing amphibolite of the Sela Unit. (i-j) Alternating 
layers of sandstone and sericite phyllite in the Banglang Unit. (k-l) Bouma sequence and load 
cast in the Banglang Unit. 
2.1.2 The Langjiexue Group 
The Langjiexue Group is a turbiditic sequence consisting of sandstone 
interlayered with mudrock (or metamorphosed into slate), outcropping between the 
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Luolin Group to the north and the Nieru Unit to the south. The sedimentary beds 
(S0) are folded and thrusted southward, forming the imbricate structure. The 
Langjiexue Group is divided into three units from north to south, namely the 
Zhangcun Unit, the Jiangxiong Unit, and the Songre Unit, respectively. 
The Zhangcun Unit is composed of sandstone, siltstone, and argillaceous slate. 
These rocks constitute rhythmic sequences in the Zhangcun Unit. In the upper 
section, layers of basalt are recognized between sandstone and siltstone (Figure 2-
3a, b). The Jiangxiong Unit consists of grey meta-sandstone with slate and phyllite 
(Figure 2-3c, d). Bouma sequences develop within this unit, indicative of turbiditic 
deposition in deep-sea environment. The Songre Unit is made up of sandstone, 
siltstone, and dark argillaceous slate (Figure 2-3e, f). This unit is thrusted southward 
over the Nieru Unit by the Lazi-Qiongduojiang-Zara fault.  
Figure 2-3 Field photos of the Langjiexue Group and the Nieru Unit. (a) Sandstone-slate 
sequence of the Zhangcun Unit. (b) Basalt with bubble structure in the Zhangcun Unit. (c-d) 
Sandstone interlayered with slate and phyllite of the Jiangxiong Unit. (e-f) Sedimentary beds 
of the Songre Unit. (g) Rock combination of sandstone and slate in the Nieru Unit.  
2.1.3 The Nieru Unit 
The Nieru Unit outcrops in the southernmost part of the Shannan area. It is 
similar to the Songre Unit in rock combinations, containing meta-sandstone, 
siltstone, and argillaceous slate (Figure 2-3g). The ratios of sandstone to slate range 
between 2:1 and 4:1.  
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2.2 Structural deformation 
Separated by the central zone, deformational styles in the northern Luolin Group 
differ significantly from those in the southern Langjiexue Group and the Nieru Unit. 
On the basis of structural analyses, two stages of deformational events have been 
identified in the Upper Triassic sequence in the Shannan area of southeastern Tibet. 
2.2.1 D1 south-vergent event 
Various geometries of folds, such as open to isoclinal shape, are represented by 
deformation of sedimentary S0 (Figure 2-4a-g). Together with the associated top-
to-south thrusts, these structures constitute the remarkable imbricate system in the 
Langjiexue Group and the Nieru Unit (Figure 2-5). The fold hinges in the 
Langjiexue Group generally dip to the east with plunge angles of 10-20°. 
Asymmetric shape of folds indicates southward movement. Axial cleavages are 
developed in mudrocks of the Langjiexue Group and the Nieru Unit (Figure 2-4h, 
i).  
Figure 2-4 Photos of D1 south-vergent event. (a) Panoramic view of folds in the Jiangxiong 
Unit. The width of this picture is around 2km. The red box shows location of picture b. (b) 
North-dipping axial planes indicate southward movement. (c) Isoclinal folds in the Jiangxiong 
Unit. (d-e) Folding of S0 in the Songre Unit. The bar scale in picture e is 1m tall. (f) Fold in the 
Songre Unit. The width of this picture is 20m. (g) Upright open fold in the Songre Unit. (h-j) 




Figure 2-5 Cross sections of the Langjiexue Group. Occurrences of S0 are shown in the lower 
hemisphere projection. (a) The Jiangxiong Unit section. (b) The Songre Unit section.  
2.2.2 D2 north-vergent event 
In the northern Luolin Group, the dominant south-dipping S2 foliations clearly 
superimpose and cut the earlier S1 foliations and sedimentary beds S0. Crenulation 
cleavages are gradually modified into continuous cleavages from south to north. 
Shear zones are common in mud-rich parts of the Luolin Group. Deformational 
structures vary in the sub-units of the Luolin Group. The crenulation foliations S2 
cut earlier S1 at scale of millimeters to meters in the Jiacha Unit (Figure 2-6a, b). S-
C fabrics in this unit demonstrate top-to-north shearing (Figure 2-6c). Lineations 
made of sericite on the S2 foliations are observed (Figure 2-6d). In the Sangdong 
Unit, syn-deformational quartz veins (width of tens of centimeters) are parallel to 
the S2 foliations (Figure 2-6e, g). Axial crenulations S2 can be found in sandstone 
blocks of the Pumu Unit (Figure 2-7a, d, e). Earlier quartz veins are folded as 
rootless to irregular (Figure 2-7b, c). In the Jiangre and Sela Units, quartz veins of 
mudrock-rich layers and sandstone are both folded (Figure 2-7 f, g, h, i, j, l), 
displaying later modification of shortening. Deformation intensity decreases 
dramatically in the Banglang Unit, represented by folding of S0 and cleavages in 
mudrocks (Figure 2-7m, n). The whole Luolin Group is interpreted as a top-to-north 




Figure 2-6 Photos of D2 north-vergent event. (a) Crenulation foliation S2 in the Jiacha Unit. (b) 
Foliations S2 cut earlier S1 in the Jiacha Unit. (c) S-C fabrics in the Jiacha Unit. (d) Lineation 
of sericite on the foliation S2. (e-g) South-dipping foliations S2 in the Sangdong Unit. (f) 




Figure 2-7 Photos of D2 north-vergent event. (a) Blocks of sandstone and folded quartz veins 
in the Pumu Unit. (b) Rootless folds of quartz veins in the Pumu Unit. (c) Irregular folds of 
quartz veins in the Pumu Unit. (d-e) The cutting relationship of S1 and S2 in the Pumu Unit. (f-
g) Folded quartz veins in the Jiangre Unit. (h-i) Folding of sandstone in the Jiangre Unit. (j, l) 
Quartz vein folds in the Sela Unit. (k) Quartz porphyroblasts in the Sela Unit. (m-n) Folding of 
S0 and cleavages in the Banglang Unit.  
 





Chapter 3: Provenance analysis and 
paleogeographic reconstruction 
The evolution of the Tethyan Ocean involved periodic development of the 
Wilson cycle. Rifting of terranes (Cimmerian continents) from Gondwana in the 
Paleozoic and subsequent continuous northward drifting gave rise to opening of the 
Neo-Tethys Ocean and final closure of the Paleo-Tethys Ocean (Domeier and 
Torsvik, 2014; Stampfli et al., 2013). Therefore, paleogeographic configuration of 
the Tethyan Ocean during the late Paleozoic to early Mesozoic is key for 
understanding the pre-collisional tectonic stage of the Neo-Tethys Ocean basin and 
influences interpretations of the continental collision between India and Eurasia.  
 
Figure 3-1 Geological map of the THS in the Shannan area, southeastern Tibet, modified after 
Zhu et al. (2009a), and Li et al. (2016). The Comei-Bunbury Large Igneous Province consists 
of mafic-ultramafic igneous rocks. Locations of detrital zircon samples from previous works 
are presented. F1: Great Counter Thrust; F2: Lazi-Qiongduojiang-Zara fault; F3: Chamda-
Lhunze fault; F4: Cona-Mailing fault; F5: Yangbajing-Qungdui thrust.  
The sedimentary strata in the THS record the evolution of the Tethyan Ocean 
(Garzanti, 1999; Sciunnach and Garzanti, 2012; Stampfli, 2000). The Upper 
Triassic sequence of eastern THS, which lies immediately south of the YTSZ in 
southeastern Tibet, is a turbidite sequence composed of sandstones interbedded with 
mudrocks (Figure 3-1). The rocks, including the Luolin Group, the Langjiexue 
Group, and the Nieru Unit, experienced penetrative deformation and low-grade 
metamorphism (Antolín et al., 2011; Burg and Chen, 1984; Dunkl et al., 2011), and 
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the provenance has conventionally been interpreted as derived from the Indian 
margin (Cao et al., 2017; Garzanti, 1999; Gehrels et al., 2011; Liu and Einsele, 1994; 
Sciunnach and Garzanti, 2012; Yin and Harrison, 2000). However, recent results, 
mainly based on the discoveries of detrital zircon age clusters of 300–200 Ma that 
cannot be correlated with the THS from India, indicate that the Upper Triassic 
sequence probably represents a stratigraphic unit that is distinct from the typical 
Tethyan Himalayan strata within eastern Gondwana (Cai et al., 2016; Dai et al., 
2008; Li et al., 2010; Li et al., 2014; Li et al., 2016; Wang et al., 2016; Webb et al., 
2013). Four contrasting models have been proposed to account for the provenance 
and paleogeography of the Langjiexue Group (Figure 3-2) as follows: (1) The rift-
fill model, where detritus from the Lhasa terrane was deposited along the northern 
Indian margin during the rifting of Lhasa from Indian Gondwana (Dai et al., 2008; 
Webb et al., 2013) (Figure 3-2a). (2) The forearc of Lhasa or intraoceanic arc model, 
where detritus derived from the Lhasa terrane was deposited in a forearc basin along 
its southern margin (Figure 3-2b), or alternatively, detritus was accumulated on the 
southern margin of an intra-oceanic arc between India and Lhasa (Figure 3-2c) (Li 
et al., 2010; Li et al., 2014). (3) The northern Indian margin model, where the 
detritus deposited along the northern margin of Indian margin was proposed to be 
derived from western Papua (Cai et al., 2016) (Figure 3-2d), from the Gondwanide 
Orogen in southeastern Australia (Wang et al., 2016) (Figure 3-2e), or from multiple 
sources, including the Lhasa, India, and Australia terranes and oceanic 
arcs/seamounts and midocean ridges (Li et al., 2016) (Figure 3-2f). (4) The 
accretionary complex model, wherer the sequence was involved in the subduction–
accretion process related to the northward subduction of the Neo-Tethys Ocean with 
detritus derived from a northern source (the Lhasa terrane) (Pan et al., 2012; Wang 
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et al., 2013) (Figure 3-2g). These different models reveal the uncertainty associated 
with the provenance and paleogeographic reconstruction of the Upper Triassic 
sequence within the eastern Gondwana realm in the early Mesozoic. This 
uncertainty impedes better understanding of the evolution of the Tethyan Ocean.  
 
Figure 3-2 Tectonic models for deposition of the Upper Triassic Langjiexue Group in southern 
Tibet, modified after Wang et al. (2016). (a) Rift-fill model: detritus from the Lhasa terrane; 
deposition along the northern Indian margin during the initial rifting from Gondwana (Dai et 
al., 2008; Webb et al., 2013). (b) Forearc model: detritus from the Lhasa terrane and deposition 
in the forearc basin of the Lhasa terrane. (c) Intraoceanic arc model: detritus from an 
intraoceanic arc within the Neo-Tethys Ocean and deposition in the adjacent forearc basin (Li 
et al., 2010; Li et al., 2014). (d–f) Northern Indian margin model: deposition along the northern 
margin of India; detritus from western Papua (Cai et al., 2016), from the Gondwanide Orogen 
in southeastern Australia (Wang et al., 2016), or from multiple sources, including the Lhasa, 
India, Australia terranes, and oceanic arcs/seamounts and mid-ocean ridges (Li et al., 2016). (g) 
Accretionary complex model: detritus from the Lhasa terrane; the accretionary complex formed 
during the northward subduction of the Neo-Tethys Ocean in the Late Triassic (Pan et al., 2012; 
Wang et al., 2013). 
Petrographic composition analysis, heavy mineral assemblage, whole-rock 
geochemistry, and detrital zircon geochronology of sedimentary rocks are powerful 
tools for constraining provenance and paleogeographic reconstructions (Cawood 
and Nemchin, 2000; Dupuis et al., 2006; Garzanti, 2016; Garzanti et al., 2007; 
Gehrels et al., 2011; McLennan et al., 1993; Sevastjanova et al., 2016; Spencer et 
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al., 2015; Zimmermann and Hall, 2016). This chapter presents new results from 
integrated petrographic and geochemical investigations, together with detrital 
zircon U-Pb age data from the Upper Triassic sequence in the Shannan area (east of 
92°30′ E) of southeastern Tibet to refine the provenance and paleogeography of this 
unit in the Late Triassic.  
3.1 Results 
3.1.1 Sandstone petrography 
The locations of sandstone samples are shown in Figure 3-3. The studied 
sandstones from the Upper Triassic sequence are litho-quartzose (Figure 3-4) 
(Garzanti, 2016). Quartz grains comprise 50–65% of total framework grains (Figure 
3-5). Sub-rounded to rounded monocrystalline quartz (70–90% of quartz grains) 
prevails over polycrystalline quartz. Lithic fragments comprise 30–44% of total 
framework grains. Felsic volcanic grains (>85% of total lithic grains) dominate the 
lithic population (Figure 3-5). Sedimentary and metamorphic lithic fragments are 
occasionally observed (Figure 3-4b, f). K-feldspar and plagioclase constitute only 
4–10% of total framework grains. 
3.1.2 Heavy mineral assemblage  
The sandstone samples contain similar heavy mineral assemblages composed 
of zircon (43–88%), rutile (5–46%), and leucoxene (2–11%) with minor (less than 
5%) apatite, tourmaline and magnetite (Figure 3-6). The zircon grains from the 
Upper Triassic sequence can be categorized into two groups (Figure 3-6). Group I: 
70–80%, light to dark pink, subhedral, sub-rounded, medium sorting, smooth 
surfaces with dissolution marks on fractures. Group II: 20–30%, rose colored, 
rounded to sub-rounded, good sorting, rough surfaces with pitted fractures. The 
rutile grains are black to brownish red, subhedral and sub-rounded to sub-angular. 








Figure 3-4 Photomicrographs of sandstones from the Upper Triassic sequence. (a) Cleavage 
developed in the sandstone from the Luolin Group. (b-f) Sedimentary (calcite), volcanic (felsic), 
and metamorphic lithic fragments and plagioclase and muscovite grains. Cal: calcite; F: 
feldspar; Lm: metamorphic lithic fragment; Lv: volcanic lithic fragment; Mus: muscovite; Qm: 
monocrystalline quartz.  
 
Figure 3-5 QFL and LmLvLs ternary diagrams for sandstones from the Upper Triassic sequence. 
Q: monocrystalline (Qm) + polycrystalline (Qp) quartz grains; F: K-feldspar + plagioclase; L 





3.1.3 Whole-rock geochemistry 
The SiO2 composition of the samples remains relatively stable, ranging from 
60.1 to 78.8 wt.% with one exception of 48.6 wt.%. The Al2O3 ranges from 10.7 to 
21.2 wt.% with an average of 12.8 wt.%. The samples are low in K2O (0.1–3.5 wt.%) 
and Na2O (0.8–2.9 wt.%). Most of the samples are characterized by relatively low 
values of Fe2O3t + MgO, which range from 3.4 to 7.6 wt.% with one exception of 
21.2 wt.%. 
 
Figure 3-6 Heavy mineral assemblage and detrital zircon morphology from sandstones of the 
Upper Triassic sequence. Others include altered minerals and iron dust in heavy minerals. The 
prefix “SN” of sample number is omitted. 
The samples show similar rare earth element (REE) patterns after chondrite 
normalization (Sun and McDonough, 1989) (Figure 3-7a). The patterns are 
characterized by enrichment in light REEs (LREEs) relative to heavy REEs 




Figure 3-7 (a) Chondrite-normalized REE patterns of sandstone samples (Sun and McDonough, 
1989). The normalization pattern of UCC (McLennan, 2001) is shown by the red dashed line. 
(b) UCC-normalized trace element spidergrams of sandstone samples (McLennan, 2001). 
Background data (grey area) are from Cao et al. (2017); Li et al. (2010); Li et al. (2004); Xu et 
al. (2011). 
0.86–2.90). The samples are also characterized by negative Eu anomalies (Eu/Eu* 
= 0.70–0.87 with one exception of 1.22) and similar upper continental crust (UCC)- 
normalized large ion lithophile element concentrations (McLennan, 2001). The 
positive Eu anomaly is probably related to the replacement of Ca cations by Eu 
cations in plagioclase. Rb, Sr, and Ba are depleted relative to UCC (Figure 3-7b). 
The high field strength elements such as Zr, Nb, Y, and Th are enriched in the UCC-
normalized profiles, whereas Hf and U are considerably depleted (Figure 3-7b). The 
pronounced depletion of Hf may be attributed to low abundance in the parent rocks. 
3.1.4 Detrital zircon geochronology 
A total of 1077 detrital zircon grains from 9 sandstone samples were analysed 
for U-Pb dating. The best ages are based on 206Pb/238U age for grains < 1000 Ma 
and 207Pb/206Pb age for older grains. Concordance between 90% and 110% was 
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considered acceptable for interpretation. A total of 985 grains passed the filter and 
were used to generate U-Pb concordia plots in Isoplot (Figure 3-8) (Ludwig, 2003).  
 





Figure 3-9 Detrital zircon age histograms of sandstones from the Upper Triassic sequence. For 
ages >500 Ma, the bin width is 50 Ma. For ages ≤500 Ma, the bin width is 10 Ma.  
The samples show consistent detrital zircon age patterns with three major peaks: 
a Meso-to-Neoproterozoic peak (1200–900 Ma, 7–18%), a Neoproterozoic-to-
Cambrian peak (750–500 Ma, 32–65%), and a Late Carboniferous-to-Late Triassic 
peak (300–200 Ma, 11–33%, 3% for sample SN-13). Scattered Archean-to-
Paleoproterozoic age clusters (3200–1600 Ma) are also observed (Figure 3-9). Age 
results show that the youngest detrital zircons (300–200 Ma) are subhedral to 
euhedral; Proterozoic-to-Cambrian zircons are dominated by subrounded to 
rounded grains (Figure 3-6). 
3.2 Discussion 
3.2.1 Sandstone provenance implication 
Application of the ternary diagrams proposed by Dickinson (1985) to 
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reconstruct tectonic settings is a routine method in sedimentary provenance study. 
However, research of sediments of modern rivers derived from diverse geological 
settings indicates that the conventional Dickinson diagrams are limited for 
discriminating tectonic settings; the classification of continental block, magmatic 
arc, and recycled orogen seems too simple to describe complexity of the nature 
(Garzanti, 2016; Garzanti et al., 2007). Five primary provenance types have been 
proposed on the basis of the Dickinson method (Garzanti et al., 2007), which are 
magmatic arc, accreted or obducted ophiolite, neometamorphic axial belt, 
paleomargin remnant, and orogenic clastic wedge. The dominance of felsic volcanic 
lithic fragments suggests magmatic arc as the provenance of the Upper Triassic 
sequence (Garzanti et al., 2007). The majority of quartz grains in total framework 
grains suggests orogenic clastic wedge as another possible provenance (Garzanti et 
al., 2007).  
The heavy mineral assemblages are dominated by zircon and rutile (78–94%) 
with subordinate contributions of leucoxene and tourmaline (2–14%) (Figure 3-6). 
Apatite and magnetite are minor. The stable combinations indicate very likely the 
same source. Heavy minerals record different protolith information and can thus be 
used to deduce the rock origin (Zimmermann and Hall, 2016). Zircon and 
tourmaline are interpreted to originate from felsic magmatic sources, while rutile is 
associated with continental metamorphic sources. Leucoxene is the alteration 
product of ilmenite, which is commonly present in mafic sources. The heavy 
mineral assemblages of the Upper Triassic sequence indicate major input of felsic 
magmatic sources with minor contributions of mafic and metamorphic sources  
3.2.2 Geochemical indicators 
The geochemical characteristics of sedimentary rocks can preserve provenance 
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information despite the destruction of primary structures and alteration of minerals 
by sedimentary processes (Bhatia and Crook, 1986; McLennan et al., 1993; Roser 
and Korsch, 1988). Roser and Korsch (1988) proposed a method to identify 
sedimentary rock provenances employing the main major elements. Following this 
method, half of the samples plot in the field of felsic igneous provenance; a few of 
the samples plot in the quartzose sedimentary and mafic igneous provenances 
(Figure 3-10a). 
 
Figure 3-10 Provenance discrimination diagrams using the major and trace element indicators. 
(a) F2 versus F1 (F1 = −1.773 × TiO2 + 0.607 × Al2O3 + 0.76 × TFe2O3 − 1.5 × MgO + 0.616 × 
CaO + 0.509 × Na2O − 1.224 × K2O − 9.09; F2 = 0.445 × TiO2 + 0.07 × Al2O3 − 0.25 × TFe2O3 
− 1.142 × MgO + 0.438 × CaO + 1.475 × Na2O + 1.426 × K2O − 6.861) (Roser and Korsch, 
1988). (b) V-Ni-Th*10 (Bracciali et al., 2007). (c) Co/Th versus La/Sc. (d) Eu/Eu* versus Th/Sc 
(McLennan et al., 1990). Sample SN-10 is not shown (Eu/Eu* = 1.22). Background data (grey 
area) are from Cao et al. (2017); Li et al. (2010); Li et al. (2004); Xu et al. (2011).  
Because of the stability and insoluble nature of trace elements during 
sedimentary processes, their contents in certain host minerals can provide more 
reliable provenance information than the major element contents. Hence, trace 
elements incorporated into sedimentary rocks carry the fingerprint of source areas. 
A felsic contribution can be detected by the V-Ni-Th*10 diagram for the relative 
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enrichment of Th in felsic sources with respect to mafic and ultramafic sources 
(Bracciali et al., 2007). In Figure 3-10b, the samples plot in the felsic source field, 
with one anomaly close to the mafic source field. The La/Sc and Co/Th values are 
used to distinguish between mafic and felsic provenances (Cullers, 2000; Hiscott, 
1984; Taylor and McLennan, 1985). In the Co/Th-La/Sc diagram (Figure 3-10c), 
the positive trends of La/Sc indicate the dominance of felsic sources. Additionally, 
the ratios of incompatible elements to compatible elements in the samples, e.g., the 
LREE enrichment (averaging 134.41 ppm), high Th/Sc ratios (averaging 1.77), and 
high La/Sc ratios (averaging 3.38), suggest a felsic provenance (McLennan et al., 
1993). This conclusion is also supported by the negetive Eu anomaly (Eu/Eu* = 
0.50–0.87) (Figure 3-10d). In summary, the geochemical compositions highlight 
the dominance of a felsic provenance for the Upper Triassic sequence.  
 
Figure 3-11 Trace element discrimination diagrams for detrital zircons of the Upper Triassic 
sequence. (a) U/Yb versus Hf. (b) U versus Yb (Grimes et al., 2007). (c) Th versus Pb (Wang 
et al., 2012). (d) Y versus U (Belousova et al., 2002). Green, blue, and yellow solid circles stand 
for detrital zircons from the Luolin, the Langjiexue Groups, and the Nieru Unit, respectively.  
Zircons can preserve information of parent rocks for their resistance against 
alteration of diagenesis and metamorphism. Trace element indicators of detrital 
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zircon provide rigorous constraints on sedimentary provenance. U, Yb, and Hf 
could be used to distinguish between continental granitic and oceanic crust zircons 
(Grimes et al., 2007). Zircons from different types of igneous rocks retain variant 
geochemical characteristics, making it possible to trace sedimentary source 
provenance (Belousova et al., 2002; Wang et al., 2012). In Figures 3-11a and 3-11b, 
almost all the detrital zircons plot in the continental granite field. In the Th-Pb 
diagram (Figure 3-11c), most of the detrital zircons plot in the S-type granite field. 
In the Y-U diagram (Figure 3-11d), zircons are scattered in the fields of granite, 
mafic rocks, and lamproite. In conclusion, trace element patterns of detrital zircons 
suggest that the Upper Triassic sequence is mainly derived from continental granite 
sources. 
3.2.3 Maximum depositional age 
The depositional age of sedimentary rocks must be younger than the age of the 
youngest detrital zircons (Fedo et al., 2003; Gehrels, 2014). Therefore, a weighted 
average of the youngest detrital zircons places a rigorous constraint on the 
maximum depositional age of stratigraphic units (Dickinson and Gehrels, 2009). 
The weighted average ages of the youngest zircons (≤ 250 Ma) from the Upper 
Triassic sequence are as follows: 228 ± 5, 235 ± 7, 236 ± 5, 242 ± 4, 235 ± 4, 224 
± 5, 228 ± 5, 236 ± 4, and 238 ± 5 Ma. These results are consistent with the ages 
(Carnian–Norian) determined from fossils (Cai et al., 2016; Pan et al., 2004). 
Accordingly, 235–236 Ma (early Carnian) is suggested as the maximum 
depositional age for the Upper Triassic sequence in southeastern Tibet. 
3.2.4 Collection of detrital zircon age data  
The detrital zircon age data from neighboring terranes around the Shannan area 
in southeastern Tibet were collected for comparison and determination of the 
possible provenance for the Upper Triassic sequence. The terranes include the 
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South Qiangtang terrane, Lhasa terrane, THS, HHC, northwest-west Australia, 
Banda Arc and west Burma (Figure 3-12).  
 
Figure 3-12 Comparison of detrital zircon ages of the Upper Triassic sequence with those of the 
surrounding terranes. For ages >500 Ma, the bin width is 50 Ma. For ages ≤500 Ma, the bin 
width is 10 Ma. 117/1215 represents the number of ages ≤500 Ma and ages >500 Ma, 
respectively. Data sources: South Qiangtang (Gehrels et al., 2011; Pullen et al., 2011; Wang et 
al., 2016), Lhasa (Leier et al., 2007; Gehrels et al., 2011; Zhu et al., 2011; Li et al., 2014; Cai 
et al., 2016; Li et al., 2016; Wang et al., 2016), Tethyan Himalayan Sequence (Gehrels et al., 
2011; Zhu et al., 2011; Webb et al., 2013; Li et al., 2016; Wang et al., 2016), Higher Himalayan 
Crystalline (Gehrels et al., 2011), northwest-west Australia (Cawood and Nemchin, 2000; 
Veevers et al., 2005; Lewis and Sircombe, 2013), Banda Arc (Zimmermann and Hall, 2016), 
west Burma (Sevastjanova et al., 2016), Luolin and Langjiexue Groups (Aikman et al., 2008; 
Li et al., 2010; Webb et al., 2013; Cai et al., 2016; Li et al., 2016; Wang et al., 2016; Cao et al., 
2017; this study). 
The age spectrum of the Paleozoic to early Mesozoic strata from the South 
Qiangtang terrane is characterized by populations of 2600–2450, 2000–1850, 
1100–800, 650–550, and 300–200 Ma, among which the Meso-to-Neoproterozoic 
peaks are the most conspicuous (Gehrels et al., 2011; Pullen et al., 2011; Wang et 
al., 2016). The Paleozoic-to-Mesozoic strata in the Lhasa terrane contain age 
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clusters scattered from 3000 to 1500 Ma and are dominated by the 1250–1100 and 
650–550 Ma populations, accompanied by the 500–480 and 370–230 Ma 
populations (Cai et al., 2016; Gehrels et al., 2011; Leier et al., 2007; Li et al., 2014; 
Li et al., 2016; Wang et al., 2016; Zhu et al., 2011). The pre-Cenozoic strata of the 
THS yield major age peaks of 1250–900 and 650–550 Ma, with subordinate 2550–
2450 Ma and 1900–1600 Ma clusters (Gehrels et al., 2011; Li et al., 2016; Wang et 
al., 2016; Webb et al., 2013; Zhu et al., 2011). The pre-Cenozoic strata of the HHC 
are dominated by 2750–2500, 1900–1600, 1200–900, and 700–600 Ma populations 
(Gehrels et al., 2011). The Permian to Triassic strata of northwest-west Australia 
display prominent age peaks in the range of 1250–1100 and 700–550 Ma, with 
minor age peaks of 1800–1600 and 250–200 Ma (Cawood and Nemchin, 2000; 
Lewis and Sircombe, 2013; Veevers et al., 2005). The Triassic formations of the 
Banda Arc islands contain predominant age peaks at 1900 Ma and 300 Ma. Other 
age clusters are scattered between 1600 and 900 Ma (Zimmermann and Hall, 2016). 
The Triassic Pane Chaung Formation of west Burma contains age patterns similar 
to those of the Upper Triassic sequence in southeastern Tibet, with three major 
peaks of 1200–950, 700–550, and 300–200 Ma (Sevastjanova et al., 2016). 
The remarkable age peaks of 2500 and 1900 Ma in the South Qiangtang terrane, 
which are absent in the Upper Triassic sequence, rule out the possibility of the South 
Qiangtang terrane as the provenance. This conclusion is supported by the 
paleomagnetic data that the Qiangtang terrane was located at ~30° N in the Late 
Triassic (Song et al., 2015; Yan et al., 2016), implying one ocean thousands of 
kilometers wide separating the terrane from the Upper Triassic sequence. The 
paucity of 300–200 Ma detrital zircons in the THS and HHC makes them the least 
likely candidates for providing contemporary magmatic materials to the Upper 
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Triassic sequence, contradicting conventional interpretations of the Indian origin 
(Cao et al., 2017; Gehrels et al., 2011). 
 
Figure 3-12 (Continued). 
3.2.5 Review of the Lhasa provenance model 
The Lhasa terrane was previously considered to be the provenance for the 
following reasons as summarized by Li et al. (2010): (1) The Permian–Triassic 
detrital zircons in Mesozoic strata of the Lhasa terrane (Leier et al., 2007); (2) The 
Permian–Triassic magmatic and metamorphic rocks identified within the Lhasa 
terrane (Dong et al., 2011; Li et al., 2014; Yang et al., 2009; Zhu et al., 2009b); (3) 
Nd isotopic signatures suggesting a Lhasa provenance during its rifting from 
Gondwana (Dai et al., 2008); (4) southward paleocurrent indicators for the Upper 
Triassic sedimentary rocks of the northern THS (Li et al., 2010).  
However, the Lhasa provenance interpretation is contradicted by the following 
evidence: (1) The Tethys Himalaya sedimentary records and faunal succession 
correlations suggest that the separation of the Lhasa terrane from Gondwana 
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occurred during the Mississippian–early Permian (Sciunnach and Garzanti, 2012; 
Zhang et al., 2013). The Middle–Late Triassic radiolarian cherts from the YTSZ 
(Wang et al., 2002; Zhu et al., 2006) confirms the existence of a wide-open Neo-
Tethys Ocean in the Late Triassic, which is consistent with the stable latitude of the 
Lhasa terrane (16°–18° S) at ca. 220 Ma (Zhou et al., 2016). (2) Geochemical and 
paleomagnetic investigations of the YTSZ reveal ophiolite generation in a forearc 
setting (SSZ) (Maffione et al., 2015; Xiong et al., 2016; Zhang et al., 2016). If the 
Upper Triassic sequence had been deposited in the forearc of Lhasa, the YTSZ 
would be juxtaposed to the south of the unit, which is discordant with the location 
of ophiolites relative to the Upper Triassic rocks in southern Tibet (Figure 3-1). (3) 
No Late Triassic intra-oceanic arcs have been recognized between India and Lhasa 
(Cai et al., 2016). Early reports identified the Zedong arc in southern Tibet as an 
intra-oceanic arc during the Middle–Late Jurassic (Aitchison et al., 2007; 
McDermid et al., 2002). However, reexaminations of geochemical characteristics 
of magmatic rocks suggest that the Zedong arc represents a slice of the active 
continental margin of the Lhasa terrane (Zhang et al., 2014a). (4) WNW 
paleocurrent indicators obtained from the Upper Triassic sequence point to a 
potential source from the east (Wang et al., 2016). Therefore, the age discrepancy 
of youngest detrital zircon age cluster between Lhasa (310–290 Ma) and the Upper 
Triassic sequence (250–220 Ma) (Figure 3-12), combined with the aforementioned 
evidence, excludes the Lhasa terrane as the provenance for the sedimentary unit in 
the Late Triassic.  
3.2.6 Paleogeographic reconstruction  
The petrographic composition and geochemical features of sandstones indicate 
that the Upper Triassic sequence probably originated from a contemporaneous 
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magmatic arc source. The prominent age peak (650–500 Ma) associated with the 
Pan-African event and the less conspicuous age peak (1200–900 Ma) associated 
with the Grenvillian event in the detrital zircons reflect the Gondwana affinity of 
the sequence (Figure 3-12), which constrains its position within the eastern 
Gondwana realm (Cawood et al., 2007; Rino et al., 2008). The Upper Triassic 
sequence and the Jurassic-Cretaceous marine strata of the THS are intruded by 
mafic dikes, gabbros and diabases with coeval basalts and ultramafic intrusions 
(Jiang et al., 2006; Li et al., 2016), which are termed the Comei-Bunbury Large 
Igneous Province (Figure 3-1) (Zhu et al., 2009a). U-Pb SHRIMP and LA-ICP-MS 
dating results demonstrate that the magmatism occurred ca. 132 Ma ago, genetically 
related to the Bunbury basalts in southwest Australia (Zhu et al., 2009a). The 
Comei-Bunbury LIP is interpreted to have been triggered by the Kerguelen mantle 
plume, which may have caused the initial breakup of eastern Gondwana in the Early 
Cretaceous (Zhu et al., 2009a). The relationship between the sequence and the 
Comei-Bunbury LIP robustly confines its position along the northern margin of 
Indian Gondwana in the southern hemisphere.  
The cryptic origin of the 300-200 Ma population remains crucial for deciphering 
the provenance of the Upper Triassic sequence. The Upper Triassic Pane Chaung 
Formation composed of turbiditic sandstones and shales is widely exposed along 
the eastern Chin Hills of the Indo-Burman Ranges in West Burma(Sevastjanova et 
al., 2016) and displays a detrital zircon age pattern similar to that of the sequence 




Figure 3-13 Paleogeography of the sequence in the Late Triassic, modified after Cai et al. (2016); 
Lewis and Sircombe (2013); Wang et al. (2016); Zimmermann and Hall (2016). Dark grey area 
represents the Tasmanides along the eastern Australian margin. Red spots correspond to 300–
200 Ma igneous rocks within the New England Orogen (age data from 
http://www.ga.gov.au/geochron-sapub-web/geochronology/shrimp/search.htm). Blue arrows 
represent possible transport routes to the Upper Triassic sequence. BA: Banda Arc islands; BH: 
Bird’s Head, New Guinea; NZ: New Zealand; T: Tasmania island. 
as having NW Australian provenance (Heine et al., 2004; Hoernle et al., 2011; 
Sengor, 1987). The similarities of turbiditic sedimentary facies and detrital zircon 
age pattern between the Pane Chaung Formation and the Upper Triassic sequence 
in southeastern Tibet, plus the discovery of detrital chromian spinels from both units 
(Li et al., 2016; Sevastjanova et al., 2016), imply the former as eastern prolongation 
of the latter within one depositional basin (Cai et al., 2016; Wang et al., 2016). The 
youngest detrital zircon cluster of the Mungaroo Formation in northwest Australia 
with a peak of ~220 Ma is considered to be sourced from east Java, west Sulawesi, 
the Australian interior, and Antarctica (Lewis and Sircombe, 2013). To the east, 
abundant detrital zircons of 450–200 Ma in the Triassic strata of the Banda Arc 
suggest input of detritus from time-equivalent magmatic activities in the Bird’s 
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Head, New Guinea (Zimmermann and Hall, 2016). A submarine fan complex model 
has been proposed based on the analogous detrital zircon age spectra of terranes 
along the northern margin of east Gondwana (Cai et al., 2016). In this model, 
detritus from volcanic arc rocks in west Papua (New Guinea), which result from the 
subduction of the Paleo-Pacific Ocean, is transported westward to feed east Java-
west Sulawesi, west Burma, north Carnarvon basin and the Langjiexue Group. Note 
that the island of Papua (New Guinea) shares a Paleozoic and Proterozoic craton 
with the Australian continent, marking the northern margin of the continent (Davies, 
2012). The subduction of the Paleo-Pacific Ocean beneath eastern Australian 
Gondwana starting in the Neoproterozoic produced the Tasmanides, which extend 
for more than 2000 km from the Bird’s Head of New Guinea in the north to New 
Zealand and the island of Tasmania in the south(Davies, 2012; Glen, 2005; Phillips 
et al., 2011). The youngest orogen within the Tasmanides, the New England Orogen 
(300–230 Ma) consisting of widespread emplacements of I-type and A-type 
granites, could have supplied the Upper Triassic sequence in south Tibet via 
drainage systems across the Australian continent (Figure 3-13). The 248- and 213-
Ma magmatism of the Netoni Intrusive Complex in the Bird’s Head, New Guinea 
(Webb and White, 2016), the 250- to 227-Ma volcanolithic sediments in the Galilee 
basin, west of the New England Orogen (Veevers, 2006), the 246- to 265-Ma detrital 
zircons in the Parapare Peak Sequence (Wysoczanski et al., 1997) and the 
dominance of 260-Ma detrital zircons in the Torlesse rocks (Ireland, 1992) in New 
Zealand can be well correlated with the youngest age population in the Upper 
Triassic sequence, which ranges from 300 Ma to 200 Ma with a peak at 240 Ma. 
The petrographic composition, trace element ratios and presence of euhedral 
zircons yielding U-Pb ages close to the depositional age indicate that the Upper 
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Triassic sequence was derived from active magmatic arc sources. In the Late 
Triassic, the Lhasa terrane rifted from the Gondwana; the Banda Arc was accreted 
to the Australian continent; and the Upper Triassic turbiditic sequences were 
deposited on the northern margin of Indian-Australian Gondwana, receiving 
detritus from the New England Orogen thousands of kilometers away via a 
continent-scale river system, or alternatively, via a submarine fan complex (Cai et 
al., 2016). The long-distance link between the orogen and the Upper Triassic 
sequence in southeastern Tibet offers new insights into the coupling relationship 
between source areas and sedimentary basins. 
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Chapter 4: Post-collisional tectonic 
evolution 
As the product of collision between the Indian and Eurasian continents, the 
Himalayan Orogen develops a WNW-ESE-striking tectonic arc, which is 
subdivided into three units from north to south, the Tethyan Himalayan Sequence 
(THS), the Higher Himalayan Crystalline (HHC), and the Lesser Himalayan 
Sequence (LHS) (Yin, 2006). Competing models regarding the Neohimalayan 
phase of the orogen, such as the wedge extrusion model (Burchfiel and Royden, 
1985; Dahlen, 1990) and the channel flow denudation model (Beaumont et al., 2004; 
Godin et al., 2006; Godin et al., 2011), have been proposed to elucidate process of 
exhumation of the HHC along the boundaries termed the Southern Tibetan 
Detachment System (STDS) and the Main Central Thrust (MCT). However, the 
Eohimalayan history has not been readily recognized in the HHC (Aikman et al., 
2008; Dunkl et al., 2011; Wiesmayr and Grasemann, 2002). 
The Tethyan Himalayan Fold-Thrust Belt (LeFort, 1975; Yin, 2006) occupies 
the structurally highest position of the orogen, preserving more information of the 
incipient tectono-metamorphic stage of the Himalayan Orogen. General consensus 
has been reached that this belt experienced multiple deformational stages 
characterized by earlier south-verging thrusting overprinted by subsequent north-
verging backthrusting and folding (Godin, 2003; Ratschbacher et al., 1992; 
Ratschbacher et al., 1994; Searle et al., 1987). The Upper Triassic rocks, cropping 
out in the northernmost part of the THS, are interpreted as a folded flysch sequence 
(Burg and Chen, 1984; Yin, 2006). Recent multidisciplinary studies reveal 
metamorphic-deformational superimposing of these rocks in southern Tibet 
(Antolín et al., 2010; Antolín et al., 2011; Dunkl et al., 2011; Montomoli et al., 
2017). The knowledge of the tectono-stratigraphic architecture and metamorphic 
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pressure-temperature condition of the Upper Triassic sequence in eastern 
Himalayan Orogen (east of 92°30′) is relatively inadequate. This chapter presents 
new results of illite crystallinity, microthermometric measurements of fluid 
inclusions, electron microprobe analyses, and 40Ar-39Ar isotopic geochronology to 
constrain the post-collisional evolution of the Upper Triassic sequence in the 
Shannan area of southeastern Tibet.  
4.1 Results 
4.1.1 Illite crystallinity 
The illite crystallinity values were determined by the Kubler index expressed in 
Δ°2θ (Kubler, 1968). Average value of two sedimented slides for each sample was 
given after corrected by the equation IC (JIC) = 0.95 × IC (original value) + 0.02 
from the Japan Geological Survey. 
The spatial and vertical variations of IC values of the Upper Triassic sequence 
are shown in Figures 4-1 and 4-2. In the Luolin Group, the IC values range between 
0.21 and 0.31 Δ°2θ with an average of 0.24 Δ°2θ (N = 24). In the Langjiexue Group, 
the IC values plot in the scope of 0.20 and 0.36 Δ°2θ, averaging at 0.27 Δ°2θ (N = 
24). In the Nieru Formation, the IC values vary from 0.23 to 0.37 Δ°2θ with an 
average of 0.30 Δ°2θ (N = 16). The general trend of IC values increases from the 
northern Luolin Group to the southern Nieru Formation, indicating that the 




Figure 4-1 Spatial variation of IC values of the Upper Triassic sequence in the Shannan area. 
Orange, grey, and blue solid circles represent samples from the Luolin Group, the Langjiexue 




Figure 4-2 Vertical variation of IC values along the N-S sections C-D, E-F, and G-H. Orange, grey, and blue solid circles represent samples from the Luolin Group, 





4.1.2 Fluid inclusion microthermometry 
Two stages of quartz veins are identified in the Luolin Group according to their 
relationship with foliations. The early stage S1 quartz veins are folded along with 
the S1 foliation; the late stage S2 quartz veins are parallel to the S2 foliation or 
develop as lenticles (Figure 4-3). Ten quartz vein samples from five different 
localities were collected for analysis to minimize measurement errors. 
Figure 4-3 Syn-deformational quartz veins in the Luolin Group. (a-b) Folded S1 quartz veins. 
(c-d) S2 quartz veins parallel to the S2 foliation. Red dashed lines stand for quartz veins. All the 
foliations are south-dipping S2 foliations.  
Petrographic observations of fluid inclusions under a microscope were 
performed before microthermometric studies. Primary inclusions were chosen for 
analyses following the principles proposed by Goldstein and Reynolds (1994) and 
Touret (2001). Combined with petrographic observations, microthermometric data, 
and laser Raman results, three types of fluid inclusions have been found: (1) One-
phase aqueous inclusions. (2) Two-phase inclusions, which are the main type. The 
bubbles are bright regular-shaped ellipses with vapor/liquid ratios ranging between 
10:90 and 20:80. Laser Raman results show that the vapor phase is mainly consisted 
of H2O with minor CO2 and N2 (Figure 4-4). (3) CO2-bearing three-phase inclusions. 
Aqueous liquid, aqueous CO2, and gaseous CO2 are recognizable (Figure 4-4). The 





Figure 4-4 Photomicrographs and laser Raman analyses of different types of fluid inclusions of 
quartz veins. (a-b) Two-phase inclusions. (c-d) CO2-bearing three-phase inclusions.  
The latter two types of inclusions were selected for microthermometric analysis. 
The two-phase inclusions are approximated as the H2O-NaCl system with 
homogenization temperatures of 185.0—328.6 ℃ and melting temperatures of -7—
-0.3 ℃. The salinity is calculated as 0.6—10.5 %NaCleqv (Bodnar, 1992). The three-
phase inclusions are approximated as the H2O-NaCl-CO2 system with 
homogenization temperatures of 220.5—315.3 ℃. The CO2 phase is homogenized 
to liquid phase at 20.2—30.8 ℃. The salinity determined from the melting 
temperatures of clathrates (5.5—9.9 ℃) ranges between 0.2 and 8.3 %NaCleqv 
(Roedder, 1984). 
The measurement results are shown in Table 4-1. The homogenization 
temperatures of inclusions of S1 quartz veins range from 192.2 to 319.8 ℃ with an 
average of 259.2 ℃ (Figure 4-5). The calculated salinity ranges from 0.2 to 
8.5 %NaCleqv averaging at 5.2 % NaCleqv. The homogenization temperatures of 
inclusions of S2 quartz veins vary between 185.0 and 328.6 ℃ with an average of 
257.1 ℃. The calculated salinity is 0.3 to 10.5 %NaCleqv averaging at 5.1 %NaCleqv. 
These results suggest that the fluids are characterized by medium to low 
temperatures and low salinity. 
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Table 4-1 Microthermometric results of fluid inclusions of quartz veins. 
Sample number Type of quartz veins Th (℃) Tm (℃) TmClath (℃) ThCO2 (℃) Salinity (wt.%NaCl) 
Q-1 S1 quartz vein 196.8—299.6 -5.2—-1.1   1.9—8.2 
Q-2 S1 quartz vein 208.1—301.2 -4.8—-1.8 6.9—9.9 22.1—29.1 0.3—7.7 
Q-3 S2 quartz vein 209.5—305.6 -5.4—-0.8 6.1—9.9 20.2—30.4 0.3—8.4 
Q-4 S2 quartz vein 194.7—300.2 -7.0—-1.0   1.7—10.5 
Q-5 S1 quartz vein 192.2—319.8 -5.4—-2.3   3.9—8.5 
Q-6 S1 quartz vein 207.6—315.3 -4.2—-1.4 5.5—9.9 22.6—30.8 0.2—8.3 
Q-7 S2 quartz vein 211.1—312.5 -4.2—-0.6   1.1—6.7 
Q-8 S2 quartz vein 187.3—323.9 -6.4—-2.8   4.6—9.8 
Q-9 S2 quartz vein 187.0—319.9 -5.3—-0.3 6.8—9.7 21.4—29.7 0.6—8.3 
Q-10 S2 quartz vein 185.0—328.6 -5.2—-0.4   0.7—8.2 




Figure 4-5 Histograms of homogenization temperature and salinity of fluid inclusions from S1 
and S2 quartz veins. 
4.1.3 Mineral geochemical composition 
The dark grey to black massive garnet-bearing amphibolites consist of garnet, 
epidote, plagioclase, amphibole, and calcite. The garnet grains are irregular 
hexagon at size of 0.5—1.5 mm, containing plagioclase and quartz inclusions. The 
plagioclase has equilibrated texture with green to glaucous amphibole. The 
granulous epidote grains (0.2—0.5 mm) are recognized by their typical ginger 
anomalous interference colors. The mineral combination of garnet-plagioclase-
amphibole represents the peak metamorphic assemblage (Figure 4-6).  
Figure 4-6 Photomicrograph of garnet-bearing amphibolite. Red spots show locations of 
electron microprobe analysis. Amp: amphibole. Grt: garnet. Pl: plagioclase.  
The EMPA results show that the garnet porphyroblasts in the garnet-bearing 
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amphibolites are homogeneous in geochemical composition with high proportion 
of almandine and grossular (Figure 4-7a). The average compositions of garnet core 
and rim are Alm59Pyr5Grs27Sps9 and Alm62Pyr6Grs27Sps5, respectively.  
The plagioclase grains are albite-dominant. Their anorthite percentages range 
between 1 and 11% (Figure 4-7b). 
The amphibole is identified as magnesiohornblende and ferrohornblende on the 
basis of the classification of Leake et al. (1997). The amphibole exhibits Si = 6.52—
7.27 p.f.u. and XMg = 0.43—0.58 (Figure 4-7c). 
Figure 4-7 Geochemical compositional diagrams of minerals in the garnet-bearing amphibolites. 
(a) Ternary diagram of garnet modified after Coleman et al. (1965). (b) Ternary diagram of 
plagioclase modified after Tang et al. (2017). (c) Classification diagram of amphibole modified 
after Leake et al. (1997).  
4.1.4 40Ar-39Ar geochronology 
No plateau ages are given by the four samples as the age spectra demonstrate 
evident staircase features in shape (Figure 4-8). In the sample Ar-1, the low-
temperature step (700 ℃) yields apparent age of 24.9 Ma; the weighted average age 
of 46.9 Ma is obtained from the medium-temperature steps (800—1050 ℃). Older 
apparent ages (53.9—131.7 Ma) can be found in the high-temperature steps 
(1100—1300 ℃). For the other three samples, the discordant age spectra show 
similar distribution patterns with the youngest ages appearing in the low-
temperature steps and older ages in the higher temperature steps.  
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Figure 4-8 40Ar-39Ar age spectra of phyllite samples of the Luolin Group. 
4.2 Discussion 
4.2.1 Low-grade metamorphism of pelitic rocks 
Measurement of illite crystallinity of slate or phyllite rocks is proved to be an 
effective way to semi-quantitatively recover the thermal history of low-grade 
metamorphism (Ditullio et al., 1993; Offler et al., 1998; Wilson et al., 2009). The 
illite crystallinity values decrease as the metamorphic grade increases. Three fields 
within the low-grade metamorphism are divided: diagenetic (>0.42 Δ°2θ), 
anchizone (0.25—0.42 Δ°2θ), and epizone (<0.25 Δ°2θ) (Blenkinsop, 1988; Kisch, 
1987; Kubler, 1968). Temperature is the first-order control of illite crystallinity 
(Frey, 1987; Ji and Browne, 2000); the temperatures corresponding to the 
diagenetic/anchizone and anchizone/epizone boundaries are approximated to be 
200—250 ℃ and 300—350 ℃ (Ditullio et al., 1993). 
In the Figure 4-2, the metamorphic grade of the Upper Triassic rocks decreases 
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slightly towards the south: most of the samples of the Luolin Group (averaging of 
0.24 Δ°2θ) fall in the epizone; almost all the samples of the Langjiexue Group 
(averaging of 0.27 Δ°2θ) plot in the anchizone; the samples of the Nieru Unit 
(averaging of 0.30 Δ°2θ) are scattered in the field of anchizone. According to the 
relationship between vitrinite reflectance and temperature (Sweeney and Burnham, 
1990), the temperature conditions are converted from illite crystallinity employing 
the function: T (℃) = 353-206 × IC (Δ°2θ) (Mukoyoshi et al., 2007). The calculated 
temperatures for the Luolin Group, the Langjiexue Group and the Nieru Unit are 
290—309 ℃ (averaging of 303 ℃), 280—312 ℃ (averaging of 297 ℃), and 276—
306 ℃ (averaging of 292 ℃), respectively. In general, the metamorphic grade of 
the Luolin Group is minimally higher than that of the Langjiexue Group and the 
Nieru Unit. The relatively uniform pattern of illite crystallinity indicates that the 
fold-thrust deformation results in no evident displacement in the vertical profile. 
4.2.2 Metamorphic P-T obtained from syn-deformational fluids and 
geothermometry 
The homogenization temperatures of fluid inclusions provide a lower limit for 
the trapping temperatures. The homogenization temperatures of S1 and S2 quartz 
veins are both averaged at ca. 260 ℃, revealing stable fluid conditions during the 
D1 to D2 events, consistent with the result implied from illite crystallinity. Utilizing 
the correlation between CO2 phase and pressure (Schwartz, 1989; Shepherd et al., 
1985), the pressure of 1.4 Kbar is acquired for the CO2-bearing three-phase 
inclusions (Figure 4-9).  
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Figure 4-9 Pressure-calculating diagrams of CO2-bearing three-phase inclusions from syn-
deformational quartz veins of the Luolin Group. (a) ρ (density of CO2 phase, g/cm3) vs. Th 
(partial homogenization temperature, ℃) diagram, modified after Shepherd et al. (1985). (b) 
XCO2 vs. VCO2 diagram, modified after Schwartz (1989). (c) XCO2, VCO2 vs. pressure diagram, 
modified after Schwartz (1989). 
The peak metamorphic temperatures of the Sela Unit are constrained by 
conventional thermometers. The garnet-hornblende (Graham and Powell, 1984) 
and hornblende-plagioclase (Holland and Blundy, 1994) pairs were applied to 
estimate the temperatures for the garnet-bearing amphibolites. The calculated 
temperatures for garnet-hornblende thermometer vary from 446 to 559 ℃ with an 
average of 517 ℃; the latter thermometer yields the range of 494—542 ℃ 
averaging at 512 ℃. 
4.2.3 Metamorphic-deformational age  
Dating deformational events in low-grade metamorphic rocks by the argon 
isotope system of potassium-rich minerals frequently produces staircase-shaped 
40Ar-39Ar age spectra. Reasonable interpretations of such spectra require 
considering the relationship between closure temperature (Dodson, 1973) and 
metamorphic deformational temperature (Wang and Zhu, 2005), deformation 
mechanism (Reddy and Potts, 1999), mineral grains of different size and 
generations (Dunlap et al., 1991; Kirschner et al., 1996; Wang and Zhou, 2008).  
In order to interpret the discordant age spectra of our phyllite samples aimed to 
determine deformational ages of the D1 and D2 events, two predominant factors 
have been taken into account: (1) the 39Ar recoil effect, which causes 39Ar to migrate 
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from K-rich minerals to K-poor minerals (Mcdougall and Harrison, 1999). During 
the step-heating process, 39Ar is released from chlorite at lower temperatures before 
from muscovite at higher temperatures (Lo and Onstott, 1989; Sletten and Onstott, 
1998). This differing degassing mechanism leads to apparent age errors at both low 
and high temperature steps (Ghanem et al., 2016), generally generating age spectra 
characterized of staircase shape. (2) Mixture of different generations of 
muscovite/sericite . Such mixture disturbs the youngest deformational age, and 
results in spectra without plateau ages (Cosca et al., 1992; Goodwin and Renne, 
1991; Wijbrans and Mcdougall, 1986). The estimated metamorphic temperatures of 
illite crystallinity and fluid inclusions from syn-deformational quartz veins are 
below the closure temperature of muscovite (300—350 ℃) (Reiners, 2005), 
suggesting the argon isotopic system of pre-existing muscovite grains with no or 
little resetting carries older cooling ages. 
In conclusion, the second to sixth steps (800—1050 ℃) of the sample Ar-1 yield 
the weighted average age of ca. 47 Ma, probably representing the D1 deformational 
age. Similar ages defining the D1 southward movement of the THS include: (1) the 
undeformed Dala granitoid intruding the eastern THS crystallized at 44.1 ± 1.2 Ma 
(Aikman et al., 2008); (2) 40Ar-39Ar dating of sericite from syn-deformational 
quartz veins of the Bangbu gold deposit, located 10 km to the west of our field, 
gave the plateau ages of 44.8 ± 1.0 Ma (Sun et al., 2016), 48.0 ± 0.5 Ma, and 56.0 
± 0.7 Ma (Zhao et al., 2018). Our result is consistent with the abovementioned data, 
suggesting that the D1 southward fold-thrust event occurred during the 
Eohimalayan phase. Dunkl et al. (2011) correlated illite crystallinity with K-Ar age 
and revealed that the illite grains reached equilibrium at ca. 24—22 Ma. This result 
was interpreted to be the D2 deformational age (Antolín et al., 2011; Dunkl et al., 
2011; Montomoli et al., 2017). 
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Chapter 5: Discussion 
5.1 Tectonic nature of the Upper Triassic sequence 
Controversies over the tectonic nature of the Upper Triassic rocks concentrate 
on whether they represent one part of the Indian continental margin (e. g. Cao et al., 
2017; Fang et al., 2018; Gehrels et al., 2011) or remnants of the Yarlung-Tsangpo 
accretionary mélange (Ao et al., 2018; Pan et al., 2012; Wang et al., 2013; Xiao et 
al., 2017). Confirmed accretionary complex along the Yarlung-Tsangpo Suture 
Zone is the Xiukang mélange to the west of Xigaze (An et al., 2017; Cai et al., 2012; 
Metcalf and Kapp, 2017). Detrital mode analyses and zircon geochronology studies 
of sandstones from the Xiukang mélange unravel the tectonic transition from 
subduction of the Neo-Tethys ocean beneath the Lhasa terrane to continental 
collision between India and Eurasia during the Late Cretaceous (71 Ma) to Eocene 
(54 Ma), placing the initial collisional age near the Paleocene/Eocene boundary (ca. 
59—54 Ma) (An et al., 2017; Cai et al., 2012; Metcalf and Kapp, 2017).  
We exclude the accretionary mélange interpretation of the Upper Triassic rocks 
based on the following lines of evidence: (1) provenance studies demonstrate no 
records of detrital zircons younger than 200 Ma (Aikman et al., 2008; Cai et al., 
2016; Fang et al., 2018; Li et al., 2016; Wang et al., 2016; Webb et al., 2013); (2) 
the monotonous sequences of sandstone interlayered with mudrock/slate/phyllite 
and preserved primary sedimentary structures suggest that the Upper Triassic rocks 
are derived from a sub-marine fan depositional system, distinguished from the 
block-in-matrix structure of the mélange in the central-western YTSZ (Cai et al., 
2012; Metcalf and Kapp, 2017; Wang et al., 2017a). No occurrences of blocks of 
ultra-mafic/mafic rocks and cherts, indicative of ocean stratigraphy, have been 
identified within the Upper Triassic rocks in southeastern Tibet (91°30′—93°E). 
(3) the structural style of opposite vergence of fold-thrust deformation was 
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developed in the post-collisional episode (the Eocene to Oligocene), given the 
results of 40Ar-39Ar dating and low-grade metamorphism investigations (Antolín et 
al., 2010; Antolín et al., 2011; Dunkl et al., 2011; Montomoli et al., 2017). Therefore, 
we interpret the Upper Triassic rocks as the northernmost part of the Tethyan 
Himalayan Fold-Thrust Belt. 
5.2 Tectonic evolution of the Upper Triassic sequence 
The earliest recognizable deformation is featured by south-vergent folds and 
thrusts, depicted by open to tight folds with axial cleavages (D1). This phase of 
deformation is widely identified across the THS, from the Ladakh area of 
northwestern India (Searle et al., 1987), the Dolpo and Annapurna areas in western-
central Nepal (Carosi et al., 2007; Godin, 2003; Kellett and Godin, 2009) to central-
southeastern Tibet (Antolín et al., 2011; Burg and Chen, 1984; Dunkl et al., 2011; 
Ratschbacher et al., 1994). The D1 event acted in response to the underthrusting of 
India beneath Eurasia during ca. 45 Ma to 30 Ma (Antolín et al., 2011; Hodges, 
2000), considered as one important episode of crustal shortening of the THS 
(Aikman et al., 2008). The south-verging folding and thrusting of the Upper Triassic 
rocks belong to the D1 event; the temperatures calculated from fluid inclusions and 
illite crystallinity range between 260 and 290 ℃. 
The north-verging folds and thrusts constitute the subsequent phase of 
deformation (D2). The asymmetric folds develop with penetrative axial foliations 
or crenulation cleavages. Such structural styles include the pop-up structure 
bounded by back-thrusts in the Indian Ladakh-Zanskar area (Searle et al., 1997; 
Searle et al., 1987; Searle, 1988) and the north-vergent folds and thrusts in central-
western Nepal and southern Tibet (Antolín et al., 2011; Burg and Chen, 1984; 
Carosi et al., 2007; Dunkl et al., 2011; Godin, 2003; Kellett and Godin, 2009; 
Ratschbacher et al., 1994). The north-verging deformation of the superstructure 
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(THS) of the orogen, occurring between ca. 30 and 22 Ma (Antolín et al., 2011; 
Dunkl et al., 2011), is coupled with southward horizontal lateral flow of the 
infrastructure (HHC) (Godin et al., 2011; Kellett and Godin, 2009). The formation 
of the S2 foliation in the Luolin Group is attributed to the D2 event. 
The north-vergent folds are cut by the south-dipping GCT, which thrusted the 
Luolin Group northward over the YTSZ during 19 to 10 Ma (Harrison et al., 2000; 
Quidelleur et al., 1997; Ratschbacher et al., 1994; Yin et al., 1994). Together with 
displacements along the STDS and MCT in the Miocene (Aikman et al., 2008; Yin, 
2006), these events are assigned to the third phase of deformation (D3). The latest 
phase of deformation is consisted of nearly N-S striking rifts (D4), resulting from 
E-W extension of the orogen (Yin and Harrison, 2000). 
 
Figure 5-1 Synthesized tectonic evolution of the Upper Triassic sequence in the Shannan area. 
The time axis is shown not to scale. The light blue and pink areas in the deformational event 
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dimension stand for rapid and slow exhumation stages, respectively (Li et al., 2015). 
The tectonic evolution of the Upper Triassic sequence in the Shannan are of 
southeastern Tibet is constructed according to the field observation, provenance 
analysis, and metamorphic-deformational constraints (Figure 5-1). In the Late 
Triassic (ca. 235 Ma), the Luolin Group, the Langjiexue Group, and the Nieru Unit 
received detritus from the Tasmanides (the New England Orogen) along eastern 
Australian margin, forming a huge sub-marine fan system in the northern Indian 
margin. The Comei-Bunbury magmatism occurred at ca. 132 Ma, implying the 
initial breakup of the eastern Gondwana. As the continuous northward drifting of 
Indian continent, the THS collided with Eurasian continent during the Paleocene to 
Eocene. In the post-collisional episode, two stages of opposite-verging fold-thrust 
deformational events developed, establishing the “positive flower” structure style 





Chapter 6: Conclusions 
On the basis of detailed field observations, the Upper Triassic sequence in the 
Shannan area of southeastern Tibet has been investigated in terms of lithologic 
combination, structural deformation, provenance and paleogeographic 
reconstruction, and post-collisional evolution. The main conclusions are as follows: 
(1) The Upper Triassic sequence is divided into three tectono-stratigraphic units: 
the Luolin Group, the Langjiexue Group, and the Nieru Unit. The Luolin Group is 
mainly consisting of sandstones and sericite phyllites with extensive syn-
deformational quartz veins in local outcrops. Garnet amphibolites are identified 
within the Luolin Group. The monotonous sequences of sandstones interlayered 
with mudrocks/slates constitute the Langjiexue Group and the Nieru Unit, 
representing the deep-sea turbidite system. Two stages of deformational events are 
found in the study area, which are D1 south-verging folds and thrusts, and D2 north-
verging folds and thrusts. The dominant south-dipping S2 foliation in the Luolin 
Group superimposed the earlier S1 structures. The south-verging folding of 
sedimentary beds S0 is the typical deformational style in the Langjiexue Group and 
the Nieru Unit.  
(2) Detrital mode analyses suggest that the sandstones are litho-quartzose, 
implying magmatic arc and orogenic clastic wedge as major sources. Geochemical 
signatures display the origin from felsic sources, consistent with the majority of 
zircon and rutile in heavy mineral assemblage. Three peaks are recognized in the 
detrital zircon age spectra: 1200-900 Ma, 750-500 Ma, and 300-200 Ma. The former 
two age peaks reflect the Gondwana provenance signals. The youngest age cluster 
is incompatible with sources from neighboring terranes. The convergent 
accretionary orogen (the New England Orogen) along eastern Australian margin 
could have supplied the Upper Triassic rocks via either continent-scale rivers or a 
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sub-marine fan system. 
(3) Illite crystallinity measurements unveil low-grade metamorphism of the 
Upper Triassic sequence. The temperatures decrease slightly southward from the 
Luolin Group (303 ℃) to the Langjiexue Group (297 ℃) and the Nieru Unit 
(292 ℃). Fluid inclusion mircothermometry studies show moderate 
homogenization temperatures (ca. 260 ℃) and low salinity (5%NaCleqv). The ages 
of D1 and D2 events are given at 47 Ma and 30-22 Ma, respectively.  
(4) The Upper Triassic sequence represents the northernmost part of the fold-
thrust belt of the Himalayan Orogen, rather than the accretionary complex within 
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Appendix I: Analytical data 





Rock Type Analyses 
SN-1 Luolin Group Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral 
separation, U-Pb dating 
SN-2 Luolin Group Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral 
separation, U-Pb dating 
SN-3 Luolin Group Sandstone Whole-rock geochemistry , U-Pb dating 
SN-4 Luolin Group Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral 
separation, U-Pb dating 
SN-5 Luolin Group Sandstone Whole-rock geochemistry 
SN-6 Luolin Group Sandstone Whole-rock geochemistry , U-Pb dating 
SN-7 Langjiexue Group Sandstone Whole-rock geochemistry, detrital mode analysis, U-Pb dating 
SN-8 Langjiexue Group Sandstone Whole-rock geochemistry, detrital mode analysis 
SN-9 Langjiexue Group Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral separation, 
U-Pb dating 
SN-10 Langjiexue Group Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral separation, 
U-Pb dating 
SN-11 Langjiexue Group Sandstone Whole-rock geochemistry 
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SN-12 Langjiexue Group Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral 
separation 
SN-13 Nieru Unit Sandstone 
Whole-rock geochemistry, detrital mode analysis, heavy mineral 
separation, U-Pb dating 
SN-14 Nieru Unit Sandstone 





















Pl Lv Ls Lm H.M. Total 
SN-1 194 83 9 38 137   19 480 
SN-2 260 30 1 15 123 20  45 494 
SN-4 208 57 10 31 181   22 509 
SN-7 234 36 11 37 170   17 505 
SN-8 257 62 6 15 174 14   528 
SN-9 223 37 5 33 194    492 
SN-
10 
219 28 15 17 190  27  496 
SN-
12 
230 42  29 181 10  9 501 
SN-
13 
210 61 5 27 173 5  14 495 
SN-
14 
197 74 8 38 168  8  493 






Table 3 Heavy mineral assemblage of sandstone (%) 
Sample 
number 
Zircon Rutile Leucoxene Tourmaline Apatite Magnetite Others 
SN-1 43.6  45.6  3.0  1.3  0.4  0.3  5.8 
SN-2 66.0 11.5 10.9 3.0 0.5  8.1 
SN-4 61.3  29.5  5.9     3.3  
SN-9 51.2  34.9  10.3  0.3    3.2  
SN-10 88.0 5.3 1.8    4.8 
SN-12 82.7 11.6 2.6    3.0 
SN-13 55.4  30.1  5.3  5.0    4.2  





























             
SiO2 74.62 75.04 73.75 73.85 75.95 77.93 60.11 71.70 78.27 48.56 75.40 76.70 77.48 78.82 
Al2O3 12.02 12.18 12.75 11.37 11.65 11.84 21.15 14.36 10.68 13.29 11.39 11.23 11.9 10.72 
TFe2O3 3.90 4.34 4.78 6.59 5.69 3.41 5.60 4.74 3.43 14.55 6.00 3.00 2.61 3.32 
MgO 0.97 0.84 0.71 1.05 0.79 0.70 1.38 1.05 0.55 6.55 1.13 0.76 0.74 0.65 
CaO 1.16 0.55 0.57 0.31 0.19 0.24 0.24 0.35 0.22 9.89 0.18 0.97 0.39 0.27 
Na2O 2.10 2.26 2.40 1.70 0.76 2.03 1.21 2.36 2.32 1.89 1.82 2.92 3.13 2.04 
K2O 1.40 1.57 1.68 1.22 1.23 1.21 3.50 1.93 1.77 0.14 1.19 1.16 1.32 1.54 
P2O5 0.10 0.09 0.09 0.11 0.08 0.08 0.13 0.11 0.09 0.17 0.09 0.10 0.12 0.1 
MnO 0.07 0.09 0.11 0.15 0.14 0.08 0.03 0.07 0.06 0.22 0.06 0.06 0.05 0.05 
TiO2 0.80 0.56 0.57 0.46 0.49 0.47 0.89 0.56 0.71 1.62 0.41 0.59 0.56 0.64 
LOI 2.66 2.35 2.41 2.55 2.89 1.87 5.53 2.61 1.70 2.50 2.21 2.34 1.57 1.69 
              
Trace elements 
(ppm) 
             
Sc 8.1 11.1 7.1 9.1 7 10.3 18.8 12.8 6.3 36.3 7.5 9.1 10.3 8.7 
V 70.7 59.5 71.3 59.9 64.5 66.2 154 76.7 57.7 399 54.2 57.1 77.2 59.1 
Cr 69 37.8 42.2 36.6 36.6 35.1 73.1 38.7 38.4 113 34.1 40.2 41.7 39.5 
Cu 19.5 14 14.5 23.5 11.5 18.4 10.7 18.1 12.6 117 14.2 11.4 12.2 17.4 
Zn 66.7 73.7 67 122 76 43.9 62.4 79.6 56.2 119 94.9 52.7 66.2 89.7 
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Ga 14.8 15.2 16 15.1 15.4 13.9 26.2 17.5 14.3 18.5 14.6 13.1 15.4 12.7 
Sr 97.7 97.9 90.9 58.9 103 79.8 150 85.2 78.7 286 68.2 87.7 92.7 110 
Zr 561 264 273 182 220 185 188 205 437 103 173 364 224 357 
Ba 329 331 346 259 246 312 788 395 341 206 233 268 355 412 
Pb 21.8 16.9 19.5 20.2 21 20.9 17 23.3 21.4 15.9 18.2 15.1 18.7 20.4 
Rb 85 84.8 86 65 72.6 92.1 181 102 85.6 3.4 62.2 78.4 77.9 65.3 
Cs 4.95 6.59 4.51 7.03 6.84 4.43 12.1 5.81 4.14 1.66 2.83 2.35 3.68 6.79 
Th 24.5 16 14.6 18.9 13.4 16.1 25.3 18.6 20.8 4.53 13 11.5 17.7 21.5 
U 1.79 1.35 1.5 1.35 1.03 1.54 2.33 2.62 2.36 0.82 1.65 2.24 2.26 2.19 
Co 14.7 8.76 8.57 10.7 6.98 8.39 3.18 8.41 7.61 43.1 9.52 7.58 5.54 8.36 
Ni 21.4 18.5 19.9 57.1 18 14.1 14.7 18.6 12.6 51.4 24.1 13.4 17.4 20.8 
Nb 12.5 11.8 9.66 11.8 10.2 11.8 18.7 12.7 12.1 13.2 9.69 9.44 8.92 11.4 
Hf 0.35 0.44 0.25 0.22 0.24 0.3 2.51 2.33 1.49 2.35 1.59 2.35 1.76 2.47 
Ta 1.24 3.46 1.03 3.62 0.94 2.92 3.38 3.11 2.69 4.17 1.81 1.86 3.56 2.31 
Tl 0.48 0.51 0.54 0.45 0.46 0.52 1.15 0.62 0.43 0.11 0.29 0.33 0.21 0.59 
Se 0.26 0.07 0.16 0.10 0.09 0.08 0.14 0.10 0.11 0.48 0.07 0.04 0.07 0.19 
Y 16.2 17.3 19.6 16.4 16.6 14.8 33.1 21.3 23.4 33.9 15 16.4 20.9 18.6 
La 36.9 26.6 38.4 33.9 35 22.1 38.5 30.9 40.9 15 19 31.7 29.5 33.3 
Ce 76.5 57.6 73.5 66.7 70.7 47.3 84.7 63.2 82.3 29.1 40.4 64.3 50.9 77.4 
Pr 8.22 6.00 7.57 7.01 7.38 4.98 9.54 6.88 9.06 3.47 4.36 6.87 6.38 5.52 
Nd 33.1 25.7 29.7 29.9 29.3 19.5 39.7 26.6 35.3 15.2 18 27.2 22.6 18.2 
Sm 6.32 4.06 5.62 5.26 5.22 3.68 7.72 5.28 6.22 3.94 3.91 4.74 5.58 6.96 
Eu 1.52 1.07 1.35 1.36 1.2 0.94 1.83 1.09 1.37 1.66 0.86 1.01 1.18 0.98 
Gd 5.18 3.78 4.02 4.69 4.41 3.34 6.25 4.29 5.49 4.36 3.16 4.02 5.57 4.98 
Tb 0.80 0.71 0.87 0.75 0.76 0.57 1.10 0.80 0.91 1.07 0.68 0.65 0.92 1.01 
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Dy 2.99 2.75 3.51 2.94 2.73 2.37 5.36 3.38 4.03 5.45 2.34 2.71 2.64 4.11 
Ho 0.70 0.72 0.74 0.61 0.71 0.58 1.41 0.90 0.94 1.45 0.61 0.70 0.56 0.95 
Er 1.67 1.82 1.86 1.77 1.69 1.58 3.75 2.28 2.69 4.06 1.49 1.80 1.77 1.94 
Tm 0.29 0.24 0.28 0.25 0.22 0.23 0.51 0.36 0.35 0.63 0.27 0.35 0.41 0.29 
Yb 1.48 1.55 1.7 1.49 1.79 1.2 3.57 2.08 2.34 4.19 1.4 1.83 2.24 3.47 
Lu 0.16 0.15 0.26 0.22 0.2 0.2 0.48 0.33 0.35 0.68 0.23 0.26 0.23 0.37 













Table 5 U-Pb age results of detrital zircons 
Sample number 
Element ratio Age (Ma)  

























SN-1 01 0.0595 0.0010 0.7990 0.0139 0.0972 0.0008 585 24 596 8 598 5 598 5 100% 
SN-1 02 0.0592 0.0011 0.7658 0.0146 0.0937 0.0008 575 27 577 8 577 4 577 4 100% 
SN-1 03 0.0575 0.0019 0.7430 0.0240 0.0940 0.0011 511 50 564 14 579 6 579 6 97% 
SN-1 04 0.0804 0.0011 2.1360 0.0305 0.1923 0.0015 1206 16 1161 10 1134 8 1206 16 106% 
SN-1 05 0.0770 0.0027 2.0466 0.0681 0.1927 0.0020 1122 71 1131 23 1136 11 1122 71 99% 
SN-1 06 0.0584 0.0009 0.7161 0.0102 0.0889 0.0007 543 18 548 6 549 4 549 4 100% 
SN-1 07 0.0641 0.0009 1.1651 0.0176 0.1317 0.0011 744 19 784 8 797 6 797 6 98% 
SN-1 08 0.0742 0.0038 1.7091 0.0797 0.1671 0.0033 1046 105 1012 30 996 18 996 18 102% 
SN-1 09 0.0513 0.0016 0.2285 0.0073 0.0323 0.0003 256 54 209 6 205 2 205 2 102% 
SN-1 10 0.0578 0.0012 0.6179 0.0131 0.0775 0.0007 521 30 489 8 481 4 481 4 102% 
SN-1 11 0.1148 0.0015 4.7782 0.0723 0.3013 0.0031 1876 14 1781 13 1698 15 1876 14 110% 
SN-1 12 0.0588 0.0010 0.7189 0.0122 0.0885 0.0007 561 23 550 7 547 4 547 4 101% 
SN-1 13 0.0574 0.0011 0.7340 0.0138 0.0925 0.0008 508 25 559 8 570 5 570 5 98% 
SN-1 14 0.0811 0.0013 1.7396 0.0618 0.1554 0.0050 1223 31 1023 23 931 28 931 28 110% 
SN-1 15 0.0763 0.0011 1.8772 0.0244 0.1781 0.0012 1102 15 1073 9 1057 7 1102 15 104% 
SN-1 16 0.0798 0.0012 2.1814 0.0415 0.1975 0.0025 1192 19 1175 13 1162 13 1192 19 103% 
SN-1 17 0.0803 0.0012 2.2371 0.0353 0.2015 0.0017 1204 18 1193 11 1183 9 1204 18 102% 
SN-1 18 0.0597 0.0012 0.7618 0.0157 0.0923 0.0009 594 29 575 9 569 5 569 5 101% 
SN-1 19 0.0679 0.0016 1.2186 0.0310 0.1297 0.0015 865 34 809 14 786 9 786 9 103% 
SN-1 20 0.0720 0.0014 1.5077 0.0398 0.1514 0.0028 985 26 934 16 909 16 909 16 103% 
SN-1 21 0.0773 0.0025 1.2166 0.0510 0.1119 0.0023 1128 51 808 23 684 13 684 13 118% 
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SN-1 22 0.0856 0.0039 1.4202 0.0619 0.1204 0.0014 1329 90 897 26 733 8 733 8 122% 
SN-1 23 0.2401 0.0029 20.6400 0.2693 0.6210 0.0049 3121 11 3122 13 3114 19 3121 11 100% 
SN-1 24 0.0669 0.0009 1.0495 0.0216 0.1132 0.0017 834 21 729 11 691 10 691 10 105% 
SN-1 25 0.0626 0.0011 0.9507 0.0172 0.1099 0.0011 694 22 678 9 672 6 672 6 101% 
SN-1 26 0.0566 0.0011 0.5604 0.0144 0.0716 0.0014 474 27 452 9 446 8 446 8 101% 
SN-1 27 0.0509 0.0011 0.2248 0.0056 0.0320 0.0005 238 29 206 5 203 3 203 3 101% 
SN-1 28 0.0725 0.0019 1.5902 0.0500 0.1577 0.0027 1001 37 966 20 944 15 944 15 102% 
SN-1 29 0.0776 0.0015 1.8310 0.0362 0.1709 0.0016 1136 25 1057 13 1017 9 1136 25 112% 
SN-1 30 0.0576 0.0013 0.6437 0.0139 0.0809 0.0006 515 34 505 9 501 4 501 4 101% 
SN-1 31 0.0600 0.0010 0.7740 0.0126 0.0935 0.0007 602 22 582 7 576 4 576 4 101% 
SN-1 32 0.0610 0.0009 0.5846 0.0096 0.0695 0.0008 637 17 467 6 433 5 433 5 108% 
SN-1 33 0.0607 0.0011 0.8126 0.0133 0.0969 0.0008 629 22 604 7 596 4 596 4 101% 
SN-1 34 0.0736 0.0010 1.7999 0.0238 0.1770 0.0012 1029 16 1045 9 1050 7 1029 16 98% 
SN-1 35 0.0602 0.0008 0.8252 0.0123 0.0990 0.0008 611 19 611 7 609 4 609 4 100% 
SN-1 36 0.0792 0.0010 2.2557 0.0308 0.2059 0.0016 1177 15 1199 10 1207 8 1177 15 98% 
SN-1 37 0.0599 0.0013 0.6805 0.0143 0.0824 0.0008 599 30 527 9 510 5 510 5 103% 
SN-1 38 0.0783 0.0012 2.1465 0.0338 0.1984 0.0017 1154 18 1164 11 1167 9 1154 18 99% 
SN-1 39 0.0872 0.0049 1.5505 0.0792 0.1290 0.0030 1365 111 951 32 782 17 782 17 122% 
SN-1 40 0.1220 0.0017 6.3100 0.0917 0.3739 0.0033 1986 14 2020 13 2048 15 1986 14 97% 
SN-1 41 0.0565 0.0013 0.6545 0.0155 0.0840 0.0009 471 33 511 9 520 6 520 6 98% 
SN-1 42 0.1614 0.0019 10.1421 0.1309 0.4546 0.0040 2470 11 2448 12 2415 18 2470 11 102% 
SN-1 43 0.0581 0.0011 0.6520 0.0132 0.0813 0.0007 533 29 510 8 504 4 504 4 101% 
SN-1 44 0.0565 0.0012 0.7215 0.0144 0.0926 0.0007 472 30 552 9 571 4 571 4 97% 
SN-1 45 0.0591 0.0013 0.7239 0.0148 0.0889 0.0008 571 30 553 9 549 4 549 4 101% 
SN-1 46 0.0593 0.0015 0.7498 0.0175 0.0920 0.0009 576 34 568 10 567 5 567 5 100% 
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SN-1 47 0.0496 0.0014 0.2695 0.0078 0.0394 0.0004 178 49 242 6 249 2 249 2 97% 
SN-1 48 0.0505 0.0015 0.2560 0.0079 0.0368 0.0004 218 51 231 6 233 3 233 3 99% 
SN-1 49 0.0529 0.0010 0.2533 0.0049 0.0347 0.0003 325 27 229 4 220 2 220 2 104% 
SN-1 50 0.0583 0.0014 0.6652 0.0155 0.0829 0.0009 541 32 518 9 513 5 513 5 101% 
SN-1 51 0.0510 0.0025 0.2197 0.0098 0.0315 0.0005 243 74 202 8 200 3 200 3 101% 
SN-1 52 0.0493 0.0017 0.2397 0.0083 0.0354 0.0004 160 60 218 7 224 2 224 2 97% 
SN-1 53 0.0607 0.0009 0.8173 0.0121 0.0975 0.0008 630 18 607 7 600 5 600 5 101% 
SN-1 54 0.0547 0.0018 0.2643 0.0088 0.0352 0.0005 400 51 238 7 223 3 223 3 107% 
SN-1 55 0.0514 0.0014 0.2534 0.0068 0.0357 0.0003 259 44 229 5 226 2 226 2 101% 
SN-1 56 0.0504 0.0016 0.2499 0.0075 0.0361 0.0004 214 51 227 6 228 2 228 2 100% 
SN-1 57 0.0629 0.0023 0.8758 0.0275 0.1009 0.0020 706 81 639 15 620 12 620 12 103% 
SN-1 58 0.0714 0.0011 1.4603 0.0260 0.1479 0.0015 970 20 914 11 889 8 889 8 103% 
SN-1 59 0.0801 0.0010 2.2998 0.0320 0.2077 0.0015 1199 16 1212 10 1217 8 1199 16 99% 
SN-1 60 0.1836 0.0037 12.3633 0.2232 0.4884 0.0045 2686 34 2632 17 2564 20 2686 34 105% 
SN-1 61 0.0634 0.0013 0.8397 0.0171 0.0958 0.0009 720 27 619 9 590 5 590 5 105% 
SN-1 62 0.0524 0.0010 0.3052 0.0058 0.0421 0.0004 304 27 270 5 266 2 266 2 102% 
SN-1 63 0.0518 0.0009 0.2799 0.0050 0.0392 0.0005 274 21 251 4 248 3 248 3 101% 
SN-1 64 0.0469 0.0021 0.2317 0.0105 0.0359 0.0005 43 73 212 9 227 3 227 3 93% 
SN-1 65 0.0754 0.0013 1.8745 0.0306 0.1799 0.0015 1080 20 1072 11 1066 8 1080 20 101% 
SN-1 66 0.0566 0.0013 0.5765 0.0135 0.0740 0.0009 474 31 462 9 460 5 460 5 100% 
SN-1 67 0.0784 0.0014 2.1488 0.0383 0.1983 0.0015 1156 23 1165 12 1166 8 1156 23 99% 
SN-1 68 0.0513 0.0012 0.2878 0.0067 0.0406 0.0004 253 38 257 5 257 2 257 2 100% 
SN-1 69 0.0574 0.0013 0.6339 0.0135 0.0801 0.0007 506 31 499 8 496 4 496 4 101% 
SN-1 70 0.0610 0.0021 0.7826 0.0273 0.0930 0.0011 638 54 587 16 573 7 573 7 102% 
SN-1 71 0.0538 0.0032 0.2730 0.0155 0.0369 0.0006 365 98 245 12 233 4 233 4 105% 
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SN-1 72 0.0629 0.0010 0.8877 0.0136 0.1021 0.0008 705 20 645 7 627 5 627 5 103% 
SN-1 73 0.1790 0.0023 12.3390 0.1715 0.4986 0.0041 2643 13 2631 13 2608 18 2643 13 101% 
SN-1 74 0.0744 0.0012 1.7662 0.0279 0.1719 0.0014 1051 19 1033 10 1023 8 1051 19 103% 
SN-1 75 0.0807 0.0016 2.2904 0.0414 0.2059 0.0017 1214 23 1209 13 1207 9 1214 23 101% 
SN-1 76 0.0636 0.0014 0.9098 0.0185 0.1038 0.0010 728 28 657 10 636 6 636 6 103% 
SN-1 77 0.0626 0.0051 0.9594 0.0769 0.1112 0.0015 694 179 683 40 680 9 680 9 100% 
SN-1 78 0.0514 0.0010 0.2785 0.0056 0.0393 0.0004 257 29 249 4 248 2 248 2 100% 
SN-1 79 0.0704 0.0012 1.3452 0.0215 0.1383 0.0012 941 19 865 9 835 7 835 7 104% 
SN-1 80 0.0814 0.0013 2.2599 0.0358 0.2009 0.0015 1231 19 1200 11 1180 8 1231 19 104% 
SN-1 81 0.0626 0.0011 0.9384 0.0157 0.1086 0.0009 694 22 672 8 665 5 665 5 101% 
SN-1 82 0.0983 0.0014 3.5663 0.0519 0.2625 0.0021 1592 15 1542 12 1502 11 1592 15 106% 
SN-1 83 0.0528 0.0017 0.2605 0.0079 0.0358 0.0004 319 49 235 6 227 2 227 2 104% 
SN-1 84 0.0602 0.0012 0.7068 0.0136 0.0851 0.0008 612 26 543 8 526 5 526 5 103% 
SN-1 85 0.0618 0.0026 0.7646 0.0341 0.0894 0.0008 666 82 577 20 552 4 552 4 105% 
SN-1 86 0.0587 0.0032 0.6985 0.0347 0.0880 0.0014 556 81 538 21 544 8 544 8 99% 
SN-1 87 0.0507 0.0016 0.2510 0.0075 0.0359 0.0004 228 48 227 6 228 2 228 2 100% 
SN-1 88 0.0747 0.0014 1.8886 0.0328 0.1830 0.0016 1062 21 1077 12 1083 9 1062 21 98% 
SN-1 89 0.0546 0.0009 0.3871 0.0065 0.0514 0.0006 395 19 332 5 323 3 323 3 103% 
SN-1 90 0.0527 0.0010 0.3013 0.0076 0.0413 0.0007 317 28 267 6 261 4 261 4 102% 
SN-1 91 0.0569 0.0012 0.6470 0.0134 0.0823 0.0008 488 29 507 8 510 5 510 5 99% 
SN-1 92 0.0711 0.0010 1.2905 0.0225 0.1313 0.0016 959 17 841 10 796 9 796 9 106% 
SN-1 93 0.0897 0.0034 0.5474 0.0182 0.0447 0.0004 1420 49 443 12 282 3 282 3 157% 
SN-1 94 0.0503 0.0011 0.2468 0.0053 0.0355 0.0003 209 34 224 4 225 2 225 2 100% 
SN-1 95 0.0461 0.1058 0.6546 1.5010 0.1031 0.0145 
 
2511 511 921 633 85 633 85 81% 
SN-1 96 0.0624 0.0011 0.8215 0.0149 0.0954 0.0010 688 22 609 8 587 6 587 6 104% 
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SN-1 97 0.0591 0.0026 0.6478 0.0261 0.0795 0.0015 571 99 507 16 493 9 493 9 103% 
SN-1 98 0.0553 0.0021 0.3405 0.0136 0.0446 0.0004 424 73 298 10 281 2 281 2 106% 
SN-1 99 0.0540 0.0015 0.6280 0.0168 0.0848 0.0013 370 34 495 10 525 7 525 7 94% 
SN-1 100 0.0716 0.0013 1.0163 0.0227 0.1027 0.0017 974 22 712 11 630 10 630 10 113% 
SN-1 101 0.0730 0.0034 1.6874 0.0753 0.1676 0.0021 1014 96 1004 28 999 11 999 11 101% 
SN-1 102 0.0497 0.0013 0.2584 0.0063 0.0377 0.0004 181 38 233 5 239 2 239 2 97% 
SN-1 103 0.0527 0.0020 0.2916 0.0098 0.0405 0.0005 318 53 260 8 256 3 256 3 102% 
SN-1 104 0.0722 0.0030 1.4128 0.0641 0.1414 0.0015 991 75 894 27 853 9 853 9 105% 
SN-1 105 0.1194 0.0016 3.4426 0.1237 0.2074 0.0067 1948 29 1514 28 1215 36 1948 29 160% 
SN-1 106 0.0502 0.0009 0.2452 0.0044 0.0354 0.0003 202 27 223 4 224 2 224 2 100% 
SN-1 107 0.0530 0.0019 0.3496 0.0124 0.0479 0.0006 330 56 304 9 302 4 302 4 101% 
SN-1 108 0.0500 0.0011 0.2427 0.0054 0.0352 0.0004 193 32 221 4 223 2 223 2 99% 
SN-1 109 0.0461 0.0031 0.2288 0.0153 0.0360 0.0004 
 
150 209 13 228 2 228 2 92% 
SN-1 110 0.0509 0.0014 0.2917 0.0082 0.0416 0.0005 237 45 260 6 262 3 262 3 99% 
SN-1 111 0.0523 0.0011 0.2708 0.0052 0.0375 0.0003 297 28 243 4 238 2 238 2 102% 
SN-1 112 0.0504 0.0012 0.2471 0.0057 0.0356 0.0003 213 35 224 5 225 2 225 2 100% 
SN-1 113 0.0577 0.0009 0.6865 0.0113 0.0862 0.0009 517 19 531 7 533 5 533 5 100% 
SN-1 114 0.0771 0.0015 2.1699 0.0403 0.2037 0.0021 1124 21 1171 13 1195 11 1124 21 94% 
SN-1 115 0.0505 0.0009 0.2886 0.0055 0.0413 0.0004 219 28 257 4 261 2 261 2 98% 
                
SN-2 01 0.0575 0.0009 0.6887 0.0107 0.0868 0.0006 512 21 532 6 537 4 537 4 99% 
SN-2 02 0.0595 0.0010 0.7368 0.0124 0.0897 0.0008 586 22 561 7 554 5 554 5 101% 
SN-2 03 0.0601 0.0008 0.8373 0.0112 0.1009 0.0007 606 17 618 6 620 4 620 4 100% 
SN-2 04 0.0588 0.0007 0.7199 0.0089 0.0887 0.0006 558 15 551 5 548 4 548 4 101% 
SN-2 05 0.0744 0.0009 1.9218 0.0229 0.1868 0.0013 1054 13 1089 8 1104 7 1054 13 95% 
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SN-2 06 0.0584 0.0009 0.7172 0.0111 0.0890 0.0007 543 21 549 7 550 4 550 4 100% 
SN-2 07 0.0597 0.0010 0.7411 0.0136 0.0899 0.0008 591 25 563 8 555 4 555 4 101% 
SN-2 08 0.0581 0.0012 0.7504 0.0146 0.0940 0.0012 531 22 568 8 579 7 579 7 98% 
SN-2 09 0.0598 0.0011 0.7994 0.0153 0.0968 0.0010 597 24 596 9 595 6 595 6 100% 
SN-2 10 0.0585 0.0014 0.7535 0.0171 0.0933 0.0007 547 36 570 10 575 4 575 4 99% 
SN-2 11 0.0590 0.0010 0.7403 0.0122 0.0909 0.0009 567 20 563 7 561 5 561 5 100% 
SN-2 12 0.0590 0.0008 0.7859 0.0115 0.0964 0.0007 566 19 589 7 593 4 593 4 99% 
SN-2 13 0.0598 0.0009 0.7931 0.0116 0.0960 0.0007 596 19 593 7 591 4 591 4 100% 
SN-2 14 0.0807 0.0042 1.9394 0.0889 0.1743 0.0044 1214 106 1095 31 1036 24 1214 106 117% 
SN-2 15 0.0599 0.0009 0.7120 0.0110 0.0860 0.0006 599 21 546 7 532 4 532 4 103% 
SN-2 16 0.0622 0.0007 0.8983 0.0107 0.1046 0.0009 680 12 651 6 641 5 641 5 102% 
SN-2 17 0.0592 0.0017 0.7817 0.0205 0.0958 0.0010 574 63 586 12 590 6 590 6 99% 
SN-2 18 0.0578 0.0010 0.6730 0.0120 0.0842 0.0007 523 25 523 7 521 4 521 4 100% 
SN-2 19 0.0594 0.0009 0.7756 0.0131 0.0946 0.0009 581 21 583 7 582 5 582 5 100% 
SN-2 20 0.0603 0.0008 0.7627 0.0111 0.0916 0.0008 615 17 576 6 565 5 565 5 102% 
SN-2 21 0.1506 0.0025 6.2160 0.3019 0.2905 0.0101 2352 40 2007 42 1644 50 2352 40 143% 
SN-2 22 0.0613 0.0012 0.9669 0.0194 0.1143 0.0011 649 27 687 10 698 6 698 6 98% 
SN-2 23 0.0604 0.0014 0.7551 0.0181 0.0906 0.0011 619 31 571 10 559 7 559 7 102% 
SN-2 24 0.0598 0.0009 0.7791 0.0117 0.0945 0.0009 595 17 585 7 582 5 582 5 101% 
SN-2 25 0.1147 0.0016 2.8613 0.0816 0.1792 0.0036 1875 25 1372 21 1063 20 1875 25 176% 
SN-2 26 0.0598 0.0007 0.7665 0.0100 0.0928 0.0008 597 14 578 6 572 5 572 5 101% 
SN-2 27 0.0640 0.0034 0.8349 0.0407 0.0946 0.0019 742 114 616 23 583 11 583 11 106% 
SN-2 28 0.0605 0.0009 0.8111 0.0127 0.0971 0.0009 621 18 603 7 598 5 598 5 101% 
SN-2 29 0.0604 0.0008 0.7599 0.0115 0.0911 0.0010 617 16 574 7 562 6 562 6 102% 
SN-2 30 0.0599 0.0339 1.0963 0.6176 0.1328 0.0077 600 1071 752 299 804 44 804 44 94% 
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SN-2 31 0.0670 0.0010 1.0667 0.0281 0.1145 0.0021 838 27 737 14 699 12 699 12 105% 
SN-2 32 0.0591 0.0008 0.6851 0.0106 0.0839 0.0008 572 18 530 6 519 5 519 5 102% 
SN-2 33 0.0576 0.0010 0.6647 0.0124 0.0836 0.0008 514 24 518 8 518 5 518 5 100% 
SN-2 34 0.0573 0.0008 0.4567 0.0253 0.0579 0.0032 502 56 382 18 363 19 363 19 105% 
SN-2 35 0.0584 0.0008 0.6692 0.0103 0.0830 0.0008 546 17 520 6 514 5 514 5 101% 
SN-2 36 0.0599 0.0009 0.7736 0.0110 0.0937 0.0007 599 18 582 6 577 4 577 4 101% 
SN-2 37 0.0593 0.0008 0.7472 0.0095 0.0915 0.0008 577 14 567 5 564 5 564 5 101% 
SN-2 38 0.0597 0.0008 0.7522 0.0113 0.0913 0.0008 591 18 569 7 563 5 563 5 101% 
SN-2 39 0.0592 0.0008 0.6707 0.0128 0.0821 0.0012 573 19 521 8 509 7 509 7 102% 
SN-2 40 0.0619 0.0009 0.9224 0.0160 0.1080 0.0012 670 19 664 8 661 7 661 7 100% 
SN-2 41 0.1455 0.0017 7.7761 0.1300 0.3866 0.0047 2294 14 2205 15 2107 22 2294 14 109% 
SN-2 42 0.0576 0.0008 0.6281 0.0095 0.0791 0.0007 513 17 495 6 491 4 491 4 101% 
SN-2 43 0.0622 0.0011 0.8385 0.0177 0.0974 0.0010 682 27 618 10 599 6 599 6 103% 
SN-2 44 0.2089 0.0023 15.2440 0.2111 0.5282 0.0053 2897 11 2831 13 2734 22 2897 11 106% 
SN-2 45 0.0592 0.0010 0.7113 0.0115 0.0871 0.0007 573 21 546 7 539 4 539 4 101% 
SN-2 46 0.1096 0.0020 4.6967 0.0721 0.3109 0.0030 1792 34 1767 13 1745 15 1792 34 103% 
SN-2 47 0.0688 0.0013 1.4430 0.0655 0.1479 0.0050 894 44 907 27 889 28 889 28 102% 
SN-2 48 0.0573 0.0011 0.7200 0.0142 0.0910 0.0008 502 27 551 8 562 5 562 5 98% 
SN-2 49 0.0586 0.0010 0.7233 0.0125 0.0895 0.0008 551 22 553 7 552 5 552 5 100% 
SN-2 50 0.0596 0.0011 0.7803 0.0154 0.0948 0.0009 589 26 586 9 584 6 584 6 100% 
SN-2 51 0.0619 0.0025 0.9222 0.0337 0.1081 0.0017 670 87 664 18 662 10 662 10 100% 
SN-2 52 0.0755 0.0012 1.8735 0.0313 0.1799 0.0021 1081 17 1072 11 1066 11 1081 17 101% 
SN-2 53 0.0744 0.0016 1.7024 0.0374 0.1658 0.0019 1053 26 1009 14 989 11 989 11 102% 
SN-2 54 0.0682 0.0012 1.2853 0.0376 0.1353 0.0029 875 29 839 17 818 16 818 16 103% 
SN-2 55 0.0722 0.0014 1.5669 0.0296 0.1570 0.0015 992 23 957 12 940 8 940 8 102% 
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SN-2 56 0.0557 0.0014 0.2968 0.0084 0.0384 0.0005 439 40 264 7 243 3 243 3 109% 
SN-2 57 0.1058 0.0015 3.4200 0.0545 0.2338 0.0025 1728 15 1509 13 1354 13 1728 15 128% 
SN-2 58 0.0722 0.0032 1.3962 0.0508 0.1402 0.0035 993 92 887 22 846 20 846 20 105% 
SN-2 59 0.0686 0.0012 1.3693 0.0627 0.1412 0.0051 888 44 876 27 851 29 851 29 103% 
SN-2 60 0.0845 0.0043 1.4157 0.0863 0.1174 0.0043 1304 65 896 36 716 25 716 25 125% 
SN-2 61 0.0616 0.0011 0.8497 0.0243 0.0996 0.0021 660 29 624 13 612 12 612 12 102% 
SN-2 62 0.0674 0.0010 1.1909 0.0361 0.1272 0.0031 849 29 796 17 772 18 772 18 103% 
SN-2 63 0.0539 0.0041 0.2949 0.0221 0.0397 0.0005 367 175 262 17 251 3 251 3 104% 
SN-2 64 0.0589 0.0013 0.7670 0.0189 0.0944 0.0011 561 33 578 11 581 7 581 7 99% 
SN-2 65 0.0604 0.0013 0.7485 0.0180 0.0898 0.0012 619 30 567 10 554 7 554 7 102% 
SN-2 66 0.0573 0.0013 0.6492 0.0155 0.0821 0.0008 503 35 508 10 509 5 509 5 100% 
SN-2 67 0.0591 0.0013 0.7013 0.0151 0.0863 0.0010 569 27 540 9 534 6 534 6 101% 
SN-2 68 0.0522 0.0010 0.2669 0.0050 0.0371 0.0004 293 25 240 4 235 2 235 2 102% 
SN-2 69 0.0579 0.0013 0.6335 0.0153 0.0793 0.0009 527 33 498 9 492 5 492 5 101% 
SN-2 70 0.0585 0.0015 0.6361 0.0157 0.0789 0.0008 550 36 500 10 490 5 490 5 102% 
SN-2 71 0.0599 0.0012 0.7585 0.0152 0.0918 0.0011 601 23 573 9 566 7 566 7 101% 
SN-2 72 0.0607 0.0009 0.8978 0.0150 0.1071 0.0013 630 18 651 8 656 7 656 7 99% 
SN-2 73 0.0589 0.0021 0.6852 0.0245 0.0847 0.0012 563 53 530 15 524 7 524 7 101% 
SN-2 74 0.0604 0.0019 0.7256 0.0228 0.0874 0.0012 617 44 554 13 540 7 540 7 103% 
SN-2 75 0.0497 0.0011 0.2623 0.0060 0.0382 0.0004 182 33 237 5 242 3 242 3 98% 
SN-2 76 0.0590 0.0013 0.6646 0.0164 0.0818 0.0013 569 28 517 10 507 8 507 8 102% 
SN-2 77 0.0599 0.0011 0.8059 0.0142 0.0976 0.0010 598 21 600 8 601 6 601 6 100% 
SN-2 78 0.0512 0.0013 0.2637 0.0068 0.0374 0.0004 249 39 238 5 237 3 237 3 100% 
SN-2 79 0.0596 0.0017 0.6898 0.0212 0.0843 0.0014 590 38 533 13 522 9 522 9 102% 
SN-2 80 0.0670 0.0030 1.1926 0.0470 0.1292 0.0027 837 95 797 22 783 15 783 15 102% 
 91 
 
SN-2 81 0.0573 0.0016 0.6767 0.0157 0.0864 0.0012 503 28 525 10 534 7 534 7 98% 
SN-2 82 0.0903 0.0019 3.2435 0.0852 0.2600 0.0048 1432 25 1468 20 1490 24 1432 25 96% 
SN-2 83 0.0944 0.0037 3.3560 0.1218 0.2577 0.0034 1517 75 1494 28 1478 18 1517 75 103% 
SN-2 84 0.0972 0.0017 3.6229 0.0683 0.2697 0.0028 1571 20 1555 15 1539 14 1571 20 102% 
SN-2 85 0.0593 0.0013 0.6889 0.0158 0.0842 0.0010 579 30 532 9 521 6 521 6 102% 
SN-2 86 0.0534 0.0012 0.2647 0.0057 0.0359 0.0004 346 30 238 5 228 2 228 2 104% 
SN-2 87 0.0510 0.0013 0.2561 0.0064 0.0365 0.0004 240 35 232 5 231 3 231 3 100% 
SN-2 88 0.0575 0.0019 0.6372 0.0172 0.0804 0.0015 511 73 501 11 498 9 498 9 101% 
SN-2 89 0.0533 0.0013 0.3126 0.0075 0.0425 0.0004 340 36 276 6 268 3 268 3 103% 
SN-2 90 0.0496 0.0012 0.2515 0.0058 0.0369 0.0004 174 34 228 5 234 3 234 3 97% 
SN-2 91 0.0516 0.0010 0.2797 0.0053 0.0393 0.0004 269 27 250 4 248 2 248 2 101% 
SN-2 92 0.0234 0.0010 0.1157 0.0055 0.0357 0.0004 -592 45 111 5 226 2 226 2 49% 
SN-2 93 0.0501 0.0012 0.2433 0.0054 0.0353 0.0004 200 34 221 4 223 2 223 2 99% 
SN-2 94 0.0740 0.0013 1.6293 0.0265 0.1595 0.0015 1041 18 982 10 954 8 954 8 103% 
SN-2 95 0.0646 0.0013 1.0171 0.0412 0.1118 0.0033 760 41 712 21 683 19 683 19 104% 
SN-2 96 0.0676 0.0019 1.1479 0.0408 0.1230 0.0032 858 35 776 19 748 18 748 18 104% 
SN-2 97 0.0602 0.0032 0.8035 0.0391 0.0969 0.0022 609 120 599 22 596 13 596 13 101% 
SN-2 98 0.0728 0.0016 1.6810 0.0633 0.1653 0.0044 1007 38 1001 24 986 24 986 24 102% 
SN-2 99 0.0615 0.0014 0.9342 0.0283 0.1094 0.0021 656 34 670 15 669 12 669 12 100% 
SN-2 100 0.0585 0.0015 0.7335 0.0177 0.0909 0.0010 549 33 559 10 561 6 561 6 100% 
SN-2 101 0.0595 0.0015 0.7570 0.0190 0.0920 0.0009 585 37 572 11 567 6 567 6 101% 
SN-2 102 0.0770 0.0026 2.2260 0.0731 0.2100 0.0031 1122 42 1189 23 1229 16 1122 42 91% 
SN-2 103 0.0579 0.0014 0.7355 0.0170 0.0919 0.0011 524 31 560 10 567 6 567 6 99% 
SN-2 104 0.0572 0.0014 0.7156 0.0170 0.0904 0.0010 501 34 548 10 558 6 558 6 98% 
SN-2 105 0.0582 0.0013 0.6884 0.0140 0.0855 0.0008 539 29 532 8 529 4 529 4 101% 
 92 
 
SN-2 106 0.0596 0.0016 0.8716 0.0359 0.1073 0.0042 587 40 636 19 657 24 657 24 97% 
SN-2 107 0.0608 0.0011 0.8874 0.0162 0.1056 0.0010 633 23 645 9 647 6 647 6 100% 
SN-2 108 0.1836 0.0024 13.1048 0.2069 0.5156 0.0052 2685 14 2687 15 2680 22 2685 14 100% 
SN-2 109 0.0619 0.0013 0.8498 0.0196 0.0994 0.0013 670 28 625 11 611 7 611 7 102% 
                
SN-3 01 0.0518 0.0008 0.2567 0.0041 0.0359 0.0003 276 20 232 3 228 2 228 2 102% 
SN-3 02 0.0534 0.0011 0.3984 0.0210 0.0530 0.0023 344 54 341 15 333 14 333 14 102% 
SN-3 03 0.0537 0.0011 0.3518 0.0070 0.0475 0.0004 356 30 306 5 299 2 299 2 102% 
SN-3 04 0.0512 0.0011 0.3324 0.0070 0.0471 0.0004 248 31 291 5 297 3 297 3 98% 
SN-3 05 0.0522 0.0012 0.2701 0.0058 0.0376 0.0004 293 32 243 5 238 2 238 2 102% 
SN-3 06 0.0527 0.0007 0.3755 0.0053 0.0517 0.0004 315 18 324 4 325 3 325 3 100% 
SN-3 07 0.0596 0.0009 0.7712 0.0117 0.0939 0.0007 587 20 580 7 578 4 578 4 100% 
SN-3 08 0.0510 0.0011 0.2601 0.0058 0.0370 0.0003 239 36 235 5 234 2 234 2 100% 
SN-3 09 0.0626 0.0010 0.9580 0.0186 0.1107 0.0011 694 25 682 10 677 6 677 6 101% 
SN-3 10 0.0813 0.0013 2.3323 0.0406 0.2077 0.0018 1228 21 1222 12 1217 9 1228 21 101% 
SN-3 11 0.0685 0.0014 1.3513 0.0284 0.1429 0.0015 884 27 868 12 861 8 861 8 101% 
SN-3 12 0.1049 0.0013 3.9778 0.0514 0.2748 0.0024 1712 12 1630 10 1565 12 1712 12 109% 
SN-3 13 0.0511 0.0013 0.2567 0.0066 0.0364 0.0003 245 42 232 5 230 2 230 2 101% 
SN-3 14 0.0814 0.0014 2.2761 0.0423 0.2022 0.0017 1231 23 1205 13 1187 9 1231 23 104% 
SN-3 15 0.0779 0.0013 2.1604 0.0349 0.2010 0.0016 1143 20 1168 11 1181 8 1143 20 97% 
SN-3 16 0.0627 0.0010 0.8794 0.0185 0.1014 0.0015 699 22 641 10 623 9 623 9 103% 
SN-3 17 0.0711 0.0013 1.3288 0.0220 0.1357 0.0010 959 38 858 10 820 6 820 6 105% 
SN-3 18 0.0742 0.0010 1.9371 0.0279 0.1890 0.0016 1046 16 1094 10 1116 9 1046 16 94% 
SN-3 19 0.0734 0.0011 1.8118 0.0273 0.1784 0.0013 1025 19 1050 10 1058 7 1025 19 97% 
SN-3 20 0.0791 0.0011 2.3037 0.0300 0.2110 0.0018 1174 13 1213 9 1234 9 1174 13 95% 
 93 
 
SN-3 21 0.0510 0.0010 0.2859 0.0053 0.0407 0.0004 240 26 255 4 257 2 257 2 99% 
SN-3 22 0.0528 0.0013 0.2855 0.0081 0.0391 0.0006 320 39 255 6 247 3 247 3 103% 
SN-3 23 0.1602 0.0024 9.1019 0.1223 0.4121 0.0029 2458 26 2348 12 2225 13 2458 26 110% 
SN-3 24 0.0625 0.0010 0.9540 0.0152 0.1105 0.0009 691 20 680 8 676 5 676 5 101% 
SN-3 25 0.1178 0.0170 2.2807 0.2899 0.1405 0.0095 1923 273 1206 90 847 54 847 54 142% 
SN-3 26 0.0736 0.0010 1.7769 0.0296 0.1747 0.0018 1029 18 1037 11 1038 10 1029 18 99% 
SN-3 27 0.0664 0.0032 1.0574 0.0415 0.1156 0.0033 817 104 733 20 705 19 705 19 104% 
SN-3 28 0.0646 0.0011 0.9752 0.0158 0.1094 0.0009 761 20 691 8 669 5 669 5 103% 
SN-3 29 0.0691 0.0013 0.8539 0.0146 0.0897 0.0009 901 20 627 8 554 5 554 5 113% 
SN-3 30 0.0602 0.0016 0.8134 0.0212 0.0980 0.0008 610 60 604 12 603 4 603 4 100% 
SN-3 31 0.0660 0.0014 0.7827 0.0208 0.0863 0.0019 805 25 587 12 534 11 534 11 110% 
SN-3 32 0.0545 0.0008 0.3061 0.0049 0.0407 0.0003 390 21 271 4 257 2 257 2 105% 
SN-3 33 0.1181 0.0020 4.8926 0.0729 0.3006 0.0025 1927 31 1801 13 1694 12 1927 31 114% 
SN-3 34 0.1090 0.0013 4.8006 0.0587 0.3186 0.0025 1782 12 1785 10 1783 12 1782 12 100% 
SN-3 35 0.0602 0.0010 0.8195 0.0129 0.0986 0.0007 612 21 608 7 606 4 606 4 100% 
SN-3 36 0.0593 0.0010 0.8144 0.0130 0.0994 0.0008 577 21 605 7 611 5 611 5 99% 
SN-3 37 0.0565 0.0016 0.6477 0.0169 0.0837 0.0012 472 33 507 10 518 7 518 7 98% 
SN-3 38 0.0569 0.0012 0.6618 0.0136 0.0843 0.0007 488 30 516 8 522 4 522 4 99% 
SN-3 39 0.0640 0.0032 0.8660 0.0461 0.0984 0.0017 741 84 633 25 605 10 605 10 105% 
SN-3 40 0.0534 0.0029 0.3107 0.0164 0.0422 0.0006 344 126 275 13 267 3 267 3 103% 
SN-3 41 0.0552 0.0009 0.6099 0.0102 0.0798 0.0006 421 23 484 6 495 4 495 4 98% 
SN-3 42 0.0913 0.0014 3.1674 0.0476 0.2510 0.0021 1453 16 1449 12 1443 11 1453 16 101% 
SN-3 43 0.0768 0.0013 2.0474 0.0326 0.1929 0.0014 1116 20 1131 11 1137 8 1116 20 98% 
SN-3 44 0.0531 0.0015 0.3241 0.0085 0.0443 0.0005 335 40 285 7 280 3 280 3 102% 
SN-3 45 0.0504 0.0008 0.2545 0.0043 0.0366 0.0004 214 22 230 3 231 2 231 2 100% 
 94 
 
SN-3 46 0.0519 0.0010 0.2732 0.0049 0.0382 0.0003 282 25 245 4 241 2 241 2 102% 
SN-3 47 0.0745 0.0015 1.7998 0.0339 0.1753 0.0015 1054 42 1045 12 1041 8 1054 42 101% 
SN-3 48 0.0573 0.0010 0.7397 0.0121 0.0935 0.0008 504 22 562 7 576 4 576 4 98% 
SN-3 49 0.0580 0.0010 0.6657 0.0117 0.0831 0.0006 531 25 518 7 514 4 514 4 101% 
SN-3 50 0.0999 0.0016 3.4083 0.0572 0.2468 0.0021 1622 19 1506 13 1422 11 1622 19 114% 
SN-3 51 0.0605 0.0010 0.6977 0.0171 0.0834 0.0015 620 25 537 10 517 9 517 9 104% 
SN-3 52 0.0622 0.0021 0.6620 0.0277 0.0763 0.0007 680 75 516 17 474 4 474 4 109% 
SN-3 53 0.0526 0.0017 0.3930 0.0115 0.0542 0.0008 312 77 337 8 340 5 340 5 99% 
SN-3 54 0.0577 0.0011 0.6362 0.0137 0.0798 0.0007 518 32 500 9 495 4 495 4 101% 
SN-3 55 0.0524 0.0013 0.3009 0.0069 0.0416 0.0003 304 57 267 5 263 2 263 2 102% 
SN-3 56 0.0650 0.0016 1.0066 0.0245 0.1125 0.0013 773 32 707 12 687 8 687 8 103% 
SN-3 57 0.0618 0.0018 0.9713 0.0273 0.1142 0.0013 668 41 689 14 697 7 697 7 99% 
SN-3 58 0.0607 0.0018 0.8526 0.0241 0.1023 0.0011 629 43 626 13 628 6 628 6 100% 
SN-3 59 0.0500 0.0011 0.2782 0.0062 0.0404 0.0004 193 34 249 5 255 2 255 2 98% 
SN-3 60 0.0533 0.0017 0.2911 0.0087 0.0398 0.0004 342 48 259 7 252 3 252 3 103% 
SN-3 61 0.0657 0.0012 1.1073 0.0198 0.1223 0.0012 796 21 757 10 744 7 744 7 102% 
SN-3 62 0.0520 0.0010 0.2888 0.0055 0.0403 0.0004 284 27 258 4 255 2 255 2 101% 
SN-3 63 0.0554 0.0011 0.3045 0.0065 0.0398 0.0004 429 32 270 5 251 2 251 2 108% 
SN-3 64 0.0532 0.0013 0.2800 0.0074 0.0380 0.0003 337 44 251 6 241 2 241 2 104% 
SN-3 65 0.0551 0.0029 0.3469 0.0175 0.0456 0.0006 418 119 302 13 288 3 288 3 105% 
SN-3 66 0.0510 0.0013 0.3185 0.0079 0.0453 0.0004 240 39 281 6 285 3 285 3 99% 
SN-3 67 0.2470 0.0030 20.9278 0.2634 0.6124 0.0050 3166 10 3135 12 3079 20 3166 10 103% 
SN-3 68 0.2047 0.0025 11.3018 0.1478 0.3991 0.0033 2864 11 2548 12 2165 15 2864 11 132% 
SN-3 69 0.0642 0.0018 0.9950 0.0238 0.1124 0.0017 748 61 701 12 687 10 687 10 102% 
SN-3 70 0.0748 0.0014 1.8555 0.0365 0.1793 0.0017 1063 25 1065 13 1063 9 1063 25 100% 
 95 
 
SN-3 71 0.0725 0.0017 1.7894 0.0409 0.1791 0.0019 1001 29 1042 15 1062 10 1001 29 94% 
SN-3 72 0.0733 0.0018 1.7734 0.0446 0.1756 0.0023 1022 30 1036 16 1043 12 1022 30 98% 
SN-3 73 0.0595 0.0010 0.5819 0.0104 0.0710 0.0009 586 19 466 7 442 5 442 5 105% 
SN-3 74 0.0542 0.0029 0.3637 0.0177 0.0487 0.0010 380 122 315 13 306 6 306 6 103% 
SN-3 75 0.0543 0.0018 0.3163 0.0107 0.0423 0.0005 382 54 279 8 267 3 267 3 104% 
SN-3 76 0.1541 0.0025 9.0966 0.1498 0.4270 0.0034 2392 17 2348 15 2292 15 2392 17 104% 
SN-3 77 0.0522 0.0022 0.2740 0.0111 0.0385 0.0006 294 66 246 9 244 3 244 3 101% 
SN-3 78 0.0567 0.0011 0.6840 0.0138 0.0873 0.0008 478 29 529 8 539 5 539 5 98% 
SN-3 79 0.0700 0.0014 1.4980 0.0275 0.1553 0.0015 929 23 930 11 931 8 931 8 100% 
SN-3 80 0.0615 0.0011 0.9357 0.0202 0.1099 0.0014 656 25 671 11 672 8 672 8 100% 
SN-3 81 0.0570 0.0011 0.6691 0.0136 0.0849 0.0007 493 31 520 8 525 4 525 4 99% 
SN-3 82 0.0513 0.0010 0.3116 0.0060 0.0440 0.0004 253 28 275 5 277 2 277 2 99% 
SN-3 83 0.0693 0.0010 1.4568 0.0209 0.1520 0.0013 908 16 913 9 912 7 912 7 100% 
SN-3 84 0.0584 0.0013 0.7980 0.0172 0.0991 0.0011 544 29 596 10 609 6 609 6 98% 
SN-3 85 0.0581 0.0008 0.7431 0.0096 0.0926 0.0008 533 15 564 6 571 5 571 5 99% 
SN-3 86 0.0573 0.0012 0.6161 0.0126 0.0782 0.0010 502 24 487 8 485 6 485 6 100% 
SN-3 87 0.0606 0.0011 0.7401 0.0147 0.0884 0.0009 625 26 562 9 546 5 546 5 103% 
SN-3 88 0.0572 0.0009 0.7468 0.0107 0.0948 0.0008 498 17 566 6 584 5 584 5 97% 
SN-3 89 0.0566 0.0012 0.7629 0.0163 0.0979 0.0009 474 31 576 9 602 5 602 5 96% 
SN-3 90 0.0568 0.0018 0.6721 0.0202 0.0861 0.0010 484 45 522 12 532 6 532 6 98% 
SN-3 91 0.0631 0.0010 0.4492 0.0128 0.0513 0.0011 710 29 377 9 323 6 323 6 117% 
SN-3 92 0.0643 0.0009 1.0369 0.0157 0.1168 0.0011 751 17 722 8 712 6 712 6 101% 
SN-3 93 0.0650 0.0033 1.1337 0.0546 0.1264 0.0022 775 110 769 26 768 12 768 12 100% 
SN-3 94 0.0727 0.0011 1.5618 0.0243 0.1557 0.0014 1005 18 955 10 933 8 933 8 102% 
SN-3 95 0.0593 0.0018 0.5418 0.0153 0.0663 0.0006 578 66 440 10 414 4 414 4 106% 
 96 
 
SN-3 96 0.0697 0.0010 1.2450 0.0212 0.1293 0.0014 919 18 821 10 784 8 784 8 105% 
SN-3 97 0.0612 0.0020 0.8064 0.0258 0.0958 0.0012 645 48 600 15 590 7 590 7 102% 
SN-3 98 0.0595 0.0013 0.7585 0.0162 0.0924 0.0009 587 30 573 9 569 5 569 5 101% 
SN-3 99 0.0571 0.0012 0.6146 0.0122 0.0781 0.0007 494 28 486 8 485 4 485 4 100% 
SN-3 100 0.0620 0.0010 0.8445 0.0155 0.0985 0.0010 674 22 622 9 605 6 605 6 103% 
SN-3 101 0.1397 0.0024 4.7957 0.0740 0.2490 0.0021 2223 31 1784 13 1433 11 2223 31 155% 
SN-3 102 0.0592 0.0009 0.7769 0.0118 0.0951 0.0008 573 19 584 7 585 5 585 5 100% 
SN-3 103 0.0785 0.0017 2.0294 0.0424 0.1874 0.0019 1158 25 1125 14 1107 10 1158 25 105% 
SN-3 104 0.0812 0.0015 2.2765 0.0415 0.2029 0.0019 1225 21 1205 13 1191 10 1225 21 103% 
SN-3 105 0.0959 0.0018 3.4535 0.0698 0.2601 0.0030 1546 21 1517 16 1490 15 1546 21 104% 
SN-3 106 0.0550 0.0017 0.7236 0.0233 0.0953 0.0013 410 47 553 14 587 8 587 8 94% 
SN-3 107 0.0709 0.0011 1.3191 0.0340 0.1341 0.0027 954 24 854 15 811 16 811 16 105% 
SN-3 108 0.1061 0.0016 4.6463 0.0723 0.3166 0.0029 1733 16 1758 13 1773 14 1733 16 98% 
SN-3 109 0.0600 0.0013 0.7976 0.0167 0.0963 0.0010 604 28 595 9 593 6 593 6 100% 
SN-3 110 0.0671 0.0022 0.8405 0.0268 0.0909 0.0007 841 70 619 15 561 4 561 4 110% 
SN-3 111 0.0635 0.0014 0.9831 0.0386 0.1100 0.0026 726 45 695 20 673 15 673 15 103% 
SN-3 112 0.0652 0.0034 0.9783 0.0470 0.1089 0.0024 779 114 693 24 666 14 666 14 104% 
SN-3 113 0.0710 0.0012 1.5637 0.0272 0.1596 0.0015 956 21 956 11 955 8 955 8 100% 
SN-3 114 0.0634 0.0011 0.9962 0.0170 0.1138 0.0010 722 22 702 9 694 6 694 6 101% 
SN-3 115 0.0603 0.0025 0.7236 0.0308 0.0873 0.0010 613 73 553 18 539 6 539 6 103% 
SN-3 116 0.1714 0.0020 9.2532 0.1412 0.3904 0.0039 2571 13 2363 14 2125 18 2571 13 121% 
SN-3 117 0.0595 0.0019 0.6816 0.0213 0.0834 0.0010 584 46 528 13 516 6 516 6 102% 
SN-3 118 0.0593 0.0009 0.7358 0.0115 0.0901 0.0009 576 17 560 7 556 5 556 5 101% 
SN-3 119 0.0596 0.0008 0.7613 0.0107 0.0925 0.0007 590 17 575 6 570 4 570 4 101% 
SN-3 120 0.0802 0.0010 2.1710 0.0276 0.1961 0.0015 1201 14 1172 9 1155 8 1201 14 104% 
 97 
 
SN-3 121 0.0659 0.0010 1.0748 0.0273 0.1175 0.0020 802 27 741 13 716 11 716 11 103% 
SN-3 122 0.1816 0.0029 10.4356 0.1364 0.4167 0.0037 2668 27 2474 12 2246 17 2668 27 119% 
SN-3 123 0.0616 0.0008 0.8807 0.0114 0.1036 0.0007 659 16 641 6 635 4 635 4 101% 
SN-3 124 0.0698 0.0019 0.8342 0.0249 0.0881 0.0023 924 27 616 14 544 14 544 14 113% 
SN-3 125 0.2104 0.0026 14.6328 0.2129 0.5035 0.0049 2908 12 2792 14 2629 21 2908 12 111% 
                
SN-4 01 0.0712 0.0021 1.5265 0.0414 0.1556 0.0019 962 62 941 17 932 11 932 11 101% 
SN-4 02 0.0776 0.0011 1.8162 0.0433 0.1687 0.0030 1138 23 1051 16 1005 16 1138 23 113% 
SN-4 03 0.0696 0.0017 1.4015 0.0295 0.1460 0.0016 918 50 890 12 878 9 878 9 101% 
SN-4 04 0.0683 0.0011 0.7492 0.0153 0.0795 0.0012 876 20 568 9 493 7 493 7 115% 
SN-4 05 0.1710 0.0023 10.7822 0.1227 0.4572 0.0030 2568 23 2505 11 2427 13 2568 23 106% 
SN-4 06 0.0801 0.0009 2.1039 0.0253 0.1903 0.0013 1198 14 1150 8 1123 7 1198 14 107% 
SN-4 07 0.0593 0.0009 0.7597 0.0128 0.0928 0.0008 577 21 574 7 572 5 572 5 100% 
SN-4 08 0.0782 0.0012 2.0556 0.0324 0.1904 0.0014 1153 20 1134 11 1123 8 1153 20 103% 
SN-4 09 0.0729 0.0034 1.7589 0.0752 0.1749 0.0031 1012 96 1030 28 1039 17 1012 96 97% 
SN-4 10 0.0714 0.0009 1.5231 0.0219 0.1546 0.0013 968 16 940 9 927 7 927 7 101% 
SN-4 11 0.1576 0.0069 5.4697 0.4464 0.2377 0.0066 2430 101 1896 70 1375 34 2430 101 177% 
SN-4 12 0.1615 0.0017 9.1692 0.1517 0.4107 0.0053 2471 13 2355 15 2218 24 2471 13 111% 
SN-4 13 0.0605 0.0008 0.7956 0.0106 0.0951 0.0006 623 18 594 6 586 3 586 3 101% 
SN-4 14 0.0610 0.0012 0.8088 0.0163 0.0961 0.0009 640 27 602 9 591 5 591 5 102% 
SN-4 15 0.0589 0.0008 0.7274 0.0093 0.0894 0.0006 565 16 555 5 552 4 552 4 101% 
SN-4 16 0.0594 0.0009 0.7035 0.0109 0.0858 0.0007 580 20 541 6 531 4 531 4 102% 
SN-4 17 0.0575 0.0008 0.6976 0.0098 0.0879 0.0007 510 18 537 6 543 4 543 4 99% 
SN-4 18 0.0603 0.0008 0.8182 0.0108 0.0983 0.0007 613 16 607 6 604 4 604 4 100% 
SN-4 19 0.0710 0.0012 1.4184 0.0264 0.1447 0.0017 958 20 897 11 871 9 871 9 103% 
 98 
 
SN-4 20 0.0603 0.0014 0.7731 0.0191 0.0926 0.0013 616 30 582 11 571 8 571 8 102% 
SN-4 21 0.0791 0.0012 2.0234 0.0411 0.1847 0.0026 1173 20 1123 14 1093 14 1173 20 107% 
SN-4 22 0.1063 0.0014 4.5623 0.0580 0.3105 0.0023 1736 13 1742 11 1743 11 1736 13 100% 
SN-4 23 0.0593 0.0009 0.7062 0.0098 0.0862 0.0006 577 18 542 6 533 4 533 4 102% 
SN-4 24 0.0601 0.0010 0.7538 0.0127 0.0907 0.0007 609 24 570 7 559 4 559 4 102% 
SN-4 25 0.0599 0.0012 0.7327 0.0142 0.0885 0.0007 601 27 558 8 546 4 546 4 102% 
SN-4 26 0.0581 0.0017 0.6744 0.0187 0.0841 0.0007 535 65 523 11 521 4 521 4 100% 
SN-4 27 0.0596 0.0011 0.7258 0.0128 0.0881 0.0007 590 25 554 8 544 4 544 4 102% 
SN-4 28 0.0629 0.0018 0.7931 0.0267 0.0907 0.0008 705 57 593 15 560 5 560 5 106% 
SN-4 29 0.0624 0.0011 0.8458 0.0141 0.0982 0.0009 688 20 622 8 604 5 604 5 103% 
SN-4 30 0.0737 0.0018 1.6730 0.0372 0.1647 0.0014 1032 49 998 14 983 8 983 8 102% 
SN-4 31 0.0584 0.0013 0.6461 0.0131 0.0802 0.0006 545 48 506 8 498 3 498 3 102% 
SN-4 32 0.0620 0.0010 0.8139 0.0140 0.0950 0.0009 672 22 605 8 585 5 585 5 103% 
SN-4 33 0.0597 0.0010 0.7164 0.0113 0.0871 0.0007 592 39 549 7 538 4 538 4 102% 
SN-4 34 0.0651 0.0023 0.9456 0.0333 0.1053 0.0011 779 57 676 17 645 6 645 6 105% 
SN-4 35 0.0713 0.0014 1.4692 0.0296 0.1491 0.0014 965 26 918 12 896 8 896 8 102% 
SN-4 36 0.0740 0.0011 1.6807 0.0228 0.1644 0.0013 1042 15 1001 9 981 7 981 7 102% 
SN-4 37 0.1240 0.0016 6.2450 0.0790 0.3642 0.0027 2015 12 2011 11 2002 13 2015 12 101% 
SN-4 38 0.0591 0.0010 0.6765 0.0119 0.0828 0.0007 572 23 525 7 513 4 513 4 102% 
SN-4 39 0.0590 0.0052 0.6775 0.0597 0.0832 0.0009 568 200 525 36 515 5 515 5 102% 
SN-4 40 0.0627 0.0020 0.8212 0.0218 0.0951 0.0016 697 69 609 12 585 10 585 10 104% 
SN-4 41 0.0696 0.0012 1.1710 0.0283 0.1211 0.0016 917 28 787 13 737 9 737 9 107% 
SN-4 42 0.0692 0.0013 1.1444 0.0366 0.1183 0.0023 903 35 775 17 721 13 721 13 107% 
SN-4 43 0.0818 0.0015 1.9517 0.0402 0.1724 0.0017 1240 25 1099 14 1025 10 1240 25 121% 
SN-4 44 0.1010 0.0012 3.9793 0.0478 0.2849 0.0021 1642 12 1630 10 1616 11 1642 12 102% 
 99 
 
SN-4 45 0.0984 0.0012 3.3036 0.0594 0.2423 0.0033 1594 16 1482 14 1399 17 1594 16 114% 
SN-4 46 0.0632 0.0010 0.9155 0.0193 0.1045 0.0014 714 23 660 10 641 8 641 8 103% 
SN-4 47 0.0631 0.0012 0.9866 0.0155 0.1134 0.0011 711 40 697 8 693 6 693 6 101% 
SN-4 48 0.0578 0.0010 0.7146 0.0120 0.0893 0.0008 524 22 547 7 552 4 552 4 99% 
SN-4 49 0.0613 0.0008 0.9349 0.0137 0.1102 0.0010 650 17 670 7 674 6 674 6 99% 
SN-4 50 0.0648 0.0013 0.8970 0.0207 0.0998 0.0011 766 30 650 11 613 7 613 7 106% 
SN-4 51 0.1545 0.0034 8.6718 0.1780 0.4072 0.0035 2396 39 2304 19 2202 16 2396 39 109% 
SN-4 52 0.1354 0.0026 5.9354 0.0971 0.3180 0.0034 2169 35 1966 14 1780 16 2169 35 122% 
SN-4 53 0.0552 0.0017 0.2927 0.0074 0.0385 0.0005 421 32 261 6 243 3 243 3 107% 
SN-4 54 0.1146 0.0015 5.2840 0.0735 0.3335 0.0026 1874 14 1866 12 1855 12 1874 14 101% 
SN-4 55 0.0735 0.0010 1.5823 0.0250 0.1558 0.0015 1027 17 963 10 933 8 933 8 103% 
SN-4 56 0.0593 0.0010 0.7258 0.0121 0.0887 0.0007 576 23 554 7 548 4 548 4 101% 
SN-4 57 0.0646 0.0014 1.0533 0.0206 0.1183 0.0012 761 47 731 10 721 7 721 7 101% 
SN-4 58 0.0725 0.0013 1.5218 0.0331 0.1514 0.0016 1001 27 939 13 909 9 909 9 103% 
SN-4 59 0.1038 0.0019 2.4723 0.0486 0.1725 0.0018 1692 21 1264 14 1026 10 1692 21 165% 
SN-4 60 0.0754 0.0014 1.6058 0.0310 0.1542 0.0014 1078 24 972 12 925 8 925 8 105% 
SN-4 61 0.0500 0.0010 0.2514 0.0058 0.0365 0.0005 194 30 228 5 231 3 231 3 99% 
SN-4 62 0.0726 0.0013 1.6926 0.0423 0.1683 0.0025 1003 28 1006 16 1003 14 1003 28 100% 
SN-4 63 0.0529 0.0014 0.2877 0.0074 0.0396 0.0005 323 36 257 6 250 3 250 3 103% 
SN-4 64 0.0689 0.0016 1.2556 0.0551 0.1301 0.0039 897 45 826 25 788 22 788 22 105% 
SN-4 65 0.0574 0.0011 0.6633 0.0131 0.0838 0.0009 508 25 517 8 519 5 519 5 100% 
SN-4 66 0.0775 0.0015 2.0915 0.0396 0.1959 0.0021 1133 21 1146 13 1153 11 1133 21 98% 
SN-4 67 0.0791 0.0012 2.0869 0.0376 0.1909 0.0023 1174 18 1144 12 1126 12 1174 18 104% 
SN-4 68 0.0569 0.0021 0.2572 0.0090 0.0335 0.0008 487 37 232 7 213 5 213 5 109% 
SN-4 69 0.0630 0.0014 0.9870 0.0223 0.1135 0.0011 709 31 697 11 693 6 693 6 101% 
 100 
 
SN-4 70 0.0700 0.0031 1.1572 0.0553 0.1195 0.0015 927 78 781 26 727 8 727 8 107% 
SN-4 71 0.0565 0.0011 0.6671 0.0140 0.0855 0.0009 472 28 519 9 529 5 529 5 98% 
SN-4 72 0.0601 0.0014 0.7934 0.0184 0.0956 0.0010 607 32 593 10 589 6 589 6 101% 
SN-4 73 0.0644 0.0049 0.9742 0.0691 0.1097 0.0029 755 165 691 36 671 17 671 17 103% 
SN-4 74 0.0602 0.0010 0.8558 0.0144 0.1029 0.0009 610 21 628 8 631 5 631 5 100% 
SN-4 75 0.0592 0.0053 0.5786 0.0472 0.0709 0.0026 573 202 464 30 442 16 442 16 105% 
SN-4 76 0.0684 0.0043 0.4737 0.0354 0.0487 0.0007 881 132 394 24 307 4 307 4 128% 
SN-4 77 0.0518 0.0012 0.2735 0.0063 0.0385 0.0007 277 25 245 5 243 4 243 4 101% 
SN-4 78 0.0746 0.0019 1.6206 0.0399 0.1578 0.0017 1058 32 978 15 945 9 945 9 103% 
SN-4 79 0.0524 0.0014 0.3751 0.0097 0.0520 0.0006 301 38 323 7 327 4 327 4 99% 
SN-4 80 0.0578 0.0022 0.3284 0.0122 0.0413 0.0004 521 63 288 9 261 3 261 3 110% 
SN-4 81 0.0501 0.0012 0.2630 0.0063 0.0380 0.0004 201 38 237 5 240 2 240 2 99% 
SN-4 82 0.2861 0.0121 22.6784 0.7538 0.5749 0.0149 3397 67 3213 32 2928 61 3397 67 116% 
SN-4 83 0.0541 0.0013 0.3059 0.0075 0.0410 0.0004 373 37 271 6 259 3 259 3 105% 
SN-4 84 0.0630 0.0014 0.9892 0.0235 0.1137 0.0013 707 31 698 12 694 8 694 8 101% 
SN-4 85 0.0737 0.0010 1.7806 0.0243 0.1748 0.0013 1033 16 1038 9 1038 7 1033 16 100% 
SN-4 86 0.0734 0.0011 1.8126 0.0299 0.1787 0.0019 1025 17 1050 11 1060 10 1025 17 97% 
SN-4 87 0.0525 0.0013 0.2724 0.0063 0.0377 0.0004 307 35 245 5 238 2 238 2 103% 
SN-4 88 0.0505 0.0010 0.2971 0.0062 0.0425 0.0004 218 32 264 5 269 2 269 2 98% 
SN-4 89 0.0774 0.0012 2.1508 0.0345 0.2008 0.0017 1132 19 1165 11 1179 9 1132 19 96% 
SN-4 90 0.0567 0.0130 0.5515 0.1257 0.0705 0.0018 481 451 446 82 439 11 439 11 102% 
SN-4 91 0.0523 0.0012 0.3007 0.0077 0.0415 0.0005 297 37 267 6 262 3 262 3 102% 
SN-4 92 0.0509 0.0011 0.2699 0.0056 0.0383 0.0003 236 33 243 4 242 2 242 2 100% 
SN-4 93 0.0575 0.0010 0.5971 0.0112 0.0750 0.0006 511 27 475 7 466 4 466 4 102% 
SN-4 94 0.1782 0.0033 11.7623 0.1979 0.4788 0.0035 2636 31 2586 16 2522 15 2636 31 105% 
 101 
 
SN-4 95 0.1575 0.0029 9.1243 0.1477 0.4203 0.0039 2429 32 2351 15 2262 18 2429 32 107% 
SN-4 96 0.0526 0.0012 0.3149 0.0074 0.0434 0.0005 310 34 278 6 274 3 274 3 101% 
SN-4 97 0.0563 0.0012 0.6614 0.0136 0.0851 0.0007 463 31 515 8 526 4 526 4 98% 
SN-4 98 0.0826 0.0020 2.2583 0.0511 0.1983 0.0019 1261 29 1199 16 1166 10 1261 29 108% 
SN-4 99 0.0672 0.0047 0.9335 0.0816 0.0988 0.0014 843 161 669 43 607 8 607 8 110% 
SN-4 100 0.0625 0.0015 0.5177 0.0150 0.0599 0.0011 691 33 424 10 375 6 375 6 113% 
SN-4 101 0.0695 0.0026 0.8685 0.0336 0.0904 0.0010 914 62 635 18 558 6 558 6 114% 
SN-4 102 0.0567 0.0011 0.3735 0.0080 0.0478 0.0007 479 23 322 6 301 5 301 5 107% 
SN-4 103 0.0564 0.0008 0.6278 0.0107 0.0804 0.0007 469 23 495 7 498 4 498 4 99% 
SN-4 104 0.0583 0.0016 0.7454 0.0188 0.0930 0.0010 540 37 566 11 573 6 573 6 99% 
SN-4 105 0.1666 0.0044 7.7838 0.1695 0.3389 0.0052 2524 46 2206 20 1881 25 2524 46 134% 
SN-4 106 0.0801 0.0012 2.5279 0.0507 0.2285 0.0034 1200 19 1280 15 1327 18 1200 19 90% 
SN-4 107 0.0621 0.0027 0.9470 0.0365 0.1105 0.0020 679 93 677 19 676 12 676 12 100% 
SN-4 108 0.0528 0.0015 0.2718 0.0073 0.0374 0.0004 318 41 244 6 237 3 237 3 103% 
SN-4 109 0.0527 0.0012 0.2873 0.0066 0.0396 0.0004 314 35 256 5 250 2 250 2 102% 
SN-4 110 0.2418 0.0031 18.4869 0.2570 0.5531 0.0043 3132 12 3015 13 2838 18 3132 12 110% 
SN-4 111 0.0692 0.0064 0.7976 0.0727 0.0837 0.0013 903 198 595 41 518 8 518 8 115% 
SN-4 112 0.0540 0.0017 0.2949 0.0093 0.0395 0.0004 372 53 262 7 250 2 250 2 105% 
SN-4 113 0.0805 0.0013 2.2534 0.0345 0.2030 0.0017 1210 17 1198 11 1191 9 1210 17 102% 
SN-4 114 0.0571 0.0019 0.6456 0.0211 0.0820 0.0007 496 76 506 13 508 4 508 4 100% 
SN-4 115 0.0597 0.0016 0.6751 0.0172 0.0822 0.0009 592 37 524 10 509 5 509 5 103% 
SN-4 116 0.0976 0.0014 3.7069 0.0621 0.2750 0.0031 1579 16 1573 13 1566 16 1579 16 101% 
SN-4 117 0.0537 0.0015 0.2853 0.0080 0.0385 0.0004 360 45 255 6 243 2 243 2 105% 
SN-4 118 0.1484 0.0038 7.5270 0.1690 0.3678 0.0045 2328 45 2176 20 2019 21 2328 45 115% 
SN-4 119 0.0891 0.0028 2.0634 0.0596 0.1680 0.0022 1406 62 1137 20 1001 12 1406 62 140% 
 102 
 
SN-4 120 0.0600 0.0010 0.7709 0.0133 0.0928 0.0007 605 23 580 8 572 4 572 4 101% 
SN-4 121 0.0691 0.0073 1.2410 0.1249 0.1302 0.0038 903 225 819 57 789 22 789 22 104% 
SN-4 122 0.0515 0.0012 0.2686 0.0062 0.0378 0.0003 263 37 242 5 239 2 239 2 101% 
SN-4 123 0.0581 0.0010 0.6849 0.0135 0.0854 0.0009 532 25 530 8 528 5 528 5 100% 
SN-4 124 0.0720 0.0009 1.5407 0.0242 0.1550 0.0015 986 17 947 10 929 8 929 8 102% 
                
SN-6 01 0.0540 0.0014 0.2658 0.0060 0.0359 0.0004 371 32 239 5 227 2 227 2 105% 
SN-6 02 0.0518 0.0014 0.2657 0.0071 0.0373 0.0004 277 44 239 6 236 2 236 2 101% 
SN-6 03 0.0679 0.0208 0.9793 0.2976 0.1046 0.0033 866 625 693 153 641 19 641 19 108% 
SN-6 04 0.0639 0.0070 0.2959 0.0322 0.0336 0.0003 739 242 263 25 213 2 213 2 123% 
SN-6 05 0.0547 0.0012 0.2873 0.0060 0.0381 0.0003 400 31 256 5 241 2 241 2 106% 
SN-6 06 0.0461 0.0260 0.3888 0.2194 0.0612 0.0020 
 
951 333 160 383 12 383 12 87% 
SN-6 07 0.0772 0.0010 1.9532 0.0269 0.1832 0.0014 1126 15 1100 9 1084 8 1126 15 104% 
SN-6 08 0.0838 0.0015 1.1601 0.0284 0.1002 0.0020 1289 22 782 13 615 11 615 11 127% 
SN-6 09 0.0973 0.0014 3.4960 0.0498 0.2600 0.0020 1572 15 1526 11 1490 10 1572 15 106% 
SN-6 10 0.0576 0.0013 0.6232 0.0134 0.0783 0.0007 515 32 492 8 486 4 486 4 101% 
SN-6 11 0.0510 0.0029 0.2701 0.0153 0.0384 0.0004 240 134 243 12 243 3 243 3 100% 
SN-6 12 0.0595 0.0009 0.7518 0.0110 0.0914 0.0007 586 18 569 6 564 4 564 4 101% 
SN-6 13 0.0572 0.0008 0.6665 0.0102 0.0842 0.0006 501 21 519 6 521 3 521 3 100% 
SN-6 14 0.0520 0.0017 0.2626 0.0087 0.0366 0.0004 283 57 237 7 232 2 232 2 102% 
SN-6 15 0.0693 0.0011 1.4232 0.0212 0.1488 0.0013 908 17 899 9 894 7 894 7 101% 
SN-6 16 0.0560 0.0031 0.4007 0.0216 0.0519 0.0008 451 127 342 16 326 5 326 5 105% 
SN-6 17 0.0596 0.0018 0.6724 0.0197 0.0821 0.0010 589 42 522 12 508 6 508 6 103% 
SN-6 18 0.1308 0.0061 6.5802 0.2975 0.3648 0.0039 2109 84 2057 40 2005 18 2109 84 105% 
SN-6 19 0.0801 0.0017 2.2866 0.0511 0.2067 0.0024 1200 26 1208 16 1211 13 1200 26 99% 
 103 
 
SN-6 20 0.0736 0.0015 1.0113 0.0427 0.0989 0.0035 1031 38 710 22 608 21 608 21 117% 
SN-6 21 0.0624 0.0012 0.9767 0.0189 0.1134 0.0011 688 25 692 10 693 6 693 6 100% 
SN-6 22 0.0586 0.0009 0.7188 0.0104 0.0890 0.0007 551 18 550 6 550 4 550 4 100% 
SN-6 23 0.1325 0.0037 4.9295 0.1197 0.2699 0.0036 2131 50 1807 20 1540 18 2131 50 138% 
SN-6 24 0.0625 0.0010 0.8323 0.0126 0.0965 0.0007 692 36 615 7 594 4 594 4 104% 
SN-6 25 0.2050 0.0175 10.1838 0.7073 0.3603 0.0179 2867 143 2452 64 1983 85 2867 143 145% 
SN-6 26 0.0617 0.0016 0.9487 0.0247 0.1117 0.0013 665 35 677 13 683 8 683 8 99% 
SN-6 27 0.0543 0.0011 0.3058 0.0059 0.0408 0.0004 384 28 271 5 258 2 258 2 105% 
SN-6 28 0.0721 0.0014 1.4215 0.0304 0.1427 0.0015 989 27 898 13 860 8 860 8 104% 
SN-6 29 0.0576 0.0014 0.7594 0.0184 0.0959 0.0009 513 36 574 11 590 6 590 6 97% 
SN-6 30 0.0506 0.0030 0.2692 0.0154 0.0386 0.0004 221 135 242 12 244 3 244 3 99% 
SN-6 31 0.0653 0.0020 0.8846 0.0229 0.0978 0.0008 784 41 643 12 602 4 602 4 107% 
SN-6 32 0.0585 0.0014 0.7548 0.0180 0.0937 0.0009 547 36 571 10 577 5 577 5 99% 
SN-6 33 0.0680 0.0026 1.2401 0.0373 0.1323 0.0030 867 80 819 17 801 17 801 17 102% 
SN-6 34 0.0511 0.0010 0.2695 0.0049 0.0384 0.0003 243 25 242 4 243 2 243 2 100% 
SN-6 35 0.0623 0.0016 0.8002 0.0187 0.0919 0.0013 686 27 597 11 567 8 567 8 105% 
SN-6 36 0.1560 0.0035 6.8356 0.1261 0.3178 0.0039 2413 39 2090 16 1779 19 2413 39 136% 
SN-6 37 0.1312 0.0036 3.9063 0.0905 0.2160 0.0033 2114 50 1615 19 1261 17 2114 50 168% 
SN-6 38 0.0622 0.0009 0.8356 0.0173 0.0972 0.0014 681 22 617 10 598 8 598 8 103% 
SN-6 39 0.0627 0.0016 0.9163 0.0221 0.1064 0.0012 699 32 660 12 652 7 652 7 101% 
SN-6 40 0.0582 0.0014 0.7926 0.0183 0.0990 0.0010 536 33 593 10 608 6 608 6 98% 
SN-6 41 0.0760 0.0013 2.0508 0.0374 0.1955 0.0016 1096 24 1133 12 1151 8 1096 24 95% 
SN-6 42 0.0579 0.0014 0.7075 0.0162 0.0889 0.0009 525 33 543 10 549 5 549 5 99% 
SN-6 43 0.0599 0.0015 0.7646 0.0181 0.0926 0.0008 601 37 577 10 571 5 571 5 101% 
SN-6 44 0.0588 0.0012 0.4787 0.0099 0.0591 0.0006 561 27 397 7 370 4 370 4 107% 
 104 
 
SN-6 45 0.0570 0.0010 0.6047 0.0111 0.0771 0.0010 491 20 480 7 479 6 479 6 100% 
SN-6 46 0.0556 0.0016 0.5431 0.0148 0.0708 0.0006 438 65 440 10 441 4 441 4 100% 
SN-6 47 0.0561 0.0009 0.6126 0.0106 0.0790 0.0006 458 24 485 7 490 4 490 4 99% 
SN-6 48 0.0666 0.0015 1.1972 0.0243 0.1304 0.0011 824 47 799 11 790 6 790 6 101% 
SN-6 49 0.0461 0.0486 0.2295 0.2417 0.0362 0.0027 
 
1261 210 200 229 17 229 17 92% 
SN-6 50 0.0636 0.0017 0.8611 0.0223 0.0982 0.0010 729 37 631 12 604 6 604 6 104% 
SN-6 51 0.0594 0.0013 0.7824 0.0165 0.0954 0.0008 581 32 587 9 587 4 587 4 100% 
SN-6 52 0.0606 0.0010 0.8122 0.0133 0.0970 0.0008 624 21 604 7 597 5 597 5 101% 
SN-6 53 0.0599 0.0014 0.6861 0.0160 0.0830 0.0008 600 34 530 10 514 5 514 5 103% 
SN-6 54 0.0568 0.0012 0.6837 0.0143 0.0870 0.0007 483 32 529 9 538 4 538 4 98% 
SN-6 55 0.0516 0.0016 0.2682 0.0082 0.0377 0.0004 267 50 241 7 239 3 239 3 101% 
SN-6 56 0.0507 0.0014 0.2664 0.0070 0.0380 0.0004 228 42 240 6 241 2 241 2 100% 
SN-6 57 0.0600 0.0014 0.7676 0.0159 0.0930 0.0009 602 28 578 9 573 6 573 6 101% 
SN-6 58 0.0623 0.0010 0.9277 0.0155 0.1076 0.0009 683 21 666 8 659 5 659 5 101% 
SN-6 59 0.0621 0.0009 0.7686 0.0128 0.0894 0.0010 679 18 579 7 552 6 552 6 105% 
SN-6 60 0.0659 0.0012 0.8782 0.0416 0.0950 0.0039 803 44 640 22 585 23 585 23 109% 
SN-6 61 0.0461 0.0214 0.4561 0.2078 0.0719 0.0064 
 
782 382 145 447 38 447 38 85% 
SN-6 62 0.0607 0.0014 0.6902 0.0169 0.0823 0.0010 630 31 533 10 510 6 510 6 105% 
SN-6 63 0.0633 0.0087 0.8293 0.2685 0.1618 0.0557 718 338 613 149 967 309 967 309 63% 
SN-6 64 0.0548 0.0009 0.3876 0.0062 0.0511 0.0003 405 24 333 5 321 2 321 2 104% 
SN-6 65 0.0748 0.0030 1.6357 0.0566 0.1587 0.0033 1062 83 984 22 950 18 950 18 104% 
SN-6 66 0.0741 0.0012 1.5255 0.0306 0.1487 0.0020 1043 20 941 12 894 11 894 11 105% 
SN-6 67 0.2355 0.0030 16.1755 0.2262 0.4960 0.0039 3090 13 2887 13 2597 17 3090 13 119% 
SN-6 68 0.0576 0.0103 0.6304 0.1125 0.0795 0.0012 513 386 496 70 493 7 493 7 101% 
SN-6 69 0.0743 0.0012 1.8305 0.0288 0.1783 0.0016 1049 18 1056 10 1058 9 1049 18 99% 
 105 
 
SN-6 70 0.0566 0.0023 0.3082 0.0123 0.0394 0.0005 477 65 273 10 249 3 249 3 110% 
SN-6 71 0.0600 0.0012 0.7848 0.0154 0.0947 0.0008 605 28 588 9 583 5 583 5 101% 
SN-6 72 0.0603 0.0010 0.8095 0.0125 0.0972 0.0007 613 22 602 7 598 4 598 4 101% 
SN-6 73 0.1161 0.0016 5.4899 0.0776 0.3419 0.0027 1897 14 1899 12 1896 13 1897 14 100% 
SN-6 74 0.0782 0.0142 0.9182 0.1531 0.0852 0.0063 1152 395 661 81 527 37 527 37 125% 
SN-6 75 0.1525 0.0018 6.4907 0.0791 0.3076 0.0023 2374 11 2045 11 1729 11 2374 11 137% 
SN-6 76 0.0629 0.0010 0.8660 0.0129 0.0995 0.0008 706 18 633 7 611 5 611 5 104% 
SN-6 77 0.0732 0.0009 1.5682 0.0206 0.1548 0.0012 1019 15 958 8 928 7 928 7 103% 
SN-6 78 0.0586 0.0013 0.3827 0.0080 0.0473 0.0004 553 31 329 6 298 3 298 3 110% 
SN-6 79 0.0587 0.0010 0.8014 0.0140 0.0986 0.0009 557 23 598 8 606 5 606 5 99% 
SN-6 80 0.0510 0.0022 0.2832 0.0117 0.0403 0.0004 241 101 253 9 254 2 254 2 100% 
SN-6 81 0.0782 0.0014 2.1205 0.0346 0.1963 0.0017 1153 19 1156 11 1156 9 1153 19 100% 
SN-6 82 0.0639 0.0016 0.9272 0.0214 0.1053 0.0010 738 33 666 11 646 6 646 6 103% 
SN-6 83 0.0722 0.0087 1.5595 0.1869 0.1568 0.0021 990 258 954 74 939 12 939 12 102% 
SN-6 84 0.0586 0.0013 0.7020 0.0157 0.0866 0.0009 554 31 540 9 535 5 535 5 101% 
SN-6 85 0.0736 0.0014 1.7509 0.0331 0.1720 0.0014 1030 25 1028 12 1023 8 1030 25 101% 
SN-6 86 0.0616 0.0010 0.7170 0.0127 0.0841 0.0007 661 25 549 7 520 4 520 4 106% 
SN-6 87 0.0712 0.0012 1.4756 0.0262 0.1498 0.0014 963 22 920 11 900 8 900 8 102% 
SN-6 88 0.1037 0.0016 4.4215 0.0644 0.3085 0.0023 1692 16 1716 12 1733 11 1692 16 98% 
SN-6 89 0.0704 0.0014 1.3971 0.0288 0.1437 0.0015 939 25 888 12 865 8 865 8 103% 
SN-6 90 0.0742 0.0011 1.6204 0.0250 0.1582 0.0013 1046 18 978 10 947 7 947 7 103% 
SN-6 91 0.0601 0.0014 0.8102 0.0181 0.0978 0.0009 606 33 603 10 601 5 601 5 100% 
SN-6 92 0.0988 0.0039 0.6455 0.0228 0.0480 0.0007 1602 44 506 14 302 4 302 4 168% 
SN-6 93 0.0675 0.0009 1.1641 0.0239 0.1245 0.0019 854 21 784 11 756 11 756 11 104% 
SN-6 94 0.0521 0.0032 0.2590 0.0150 0.0361 0.0008 289 143 234 12 228 5 228 5 103% 
 106 
 
SN-6 95 0.0601 0.0011 0.8042 0.0141 0.0969 0.0007 608 26 599 8 596 4 596 4 101% 
SN-6 96 0.0587 0.0014 0.7567 0.0170 0.0934 0.0008 558 54 572 10 576 5 576 5 99% 
SN-6 97 0.1785 0.0025 10.0617 0.1529 0.4083 0.0038 2639 14 2440 14 2207 17 2639 14 120% 
SN-6 98 0.0515 0.0012 0.2703 0.0060 0.0381 0.0003 264 36 243 5 241 2 241 2 101% 
SN-6 99 0.0694 0.0025 1.3752 0.0475 0.1438 0.0011 909 74 878 20 866 6 866 6 101% 
SN-6 100 0.0631 0.0018 0.5743 0.0223 0.0665 0.0022 710 37 461 14 415 13 415 13 111% 
SN-6 101 0.0572 0.0013 0.6032 0.0135 0.0764 0.0005 500 53 479 9 475 3 475 3 101% 
SN-6 102 0.0586 0.0012 0.7590 0.0169 0.0937 0.0010 554 30 573 10 577 6 577 6 99% 
SN-6 103 0.0519 0.0013 0.2690 0.0063 0.0376 0.0004 282 36 242 5 238 2 238 2 102% 
SN-6 104 0.0755 0.0010 1.9202 0.0244 0.1840 0.0012 1083 15 1088 8 1089 7 1083 15 99% 
SN-6 105 0.0604 0.0011 0.8043 0.0133 0.0966 0.0008 617 41 599 7 595 5 595 5 101% 
SN-6 106 0.0663 0.0020 1.1636 0.0230 0.1273 0.0013 815 25 784 11 773 7 773 7 101% 
SN-6 107 0.0607 0.0018 0.9192 0.0271 0.1098 0.0014 628 42 662 14 672 8 672 8 99% 
SN-6 108 0.0732 0.0012 1.6811 0.0271 0.1663 0.0012 1018 21 1001 10 991 6 991 6 101% 
SN-6 109 0.0549 0.0015 0.2821 0.0077 0.0373 0.0003 407 46 252 6 236 2 236 2 107% 
SN-6 110 0.0744 0.0028 1.5349 0.0518 0.1497 0.0024 1051 77 944 21 899 13 899 13 105% 
SN-6 111 0.0548 0.0017 0.6776 0.0201 0.0900 0.0011 402 44 525 12 555 7 555 7 95% 
SN-6 112 0.0814 0.0022 2.2416 0.0557 0.1998 0.0021 1231 54 1194 17 1174 11 1231 54 105% 
SN-6 113 0.0524 0.0008 0.2601 0.0040 0.0360 0.0002 302 23 235 3 228 1 228 1 103% 
SN-6 114 0.0717 0.0011 1.5088 0.0254 0.1521 0.0013 978 21 934 10 913 7 913 7 102% 
SN-6 115 0.0606 0.0012 0.8158 0.0161 0.0974 0.0009 627 27 606 9 599 5 599 5 101% 
SN-6 116 0.0606 0.0025 0.8624 0.0345 0.1032 0.0012 626 92 631 19 633 7 633 7 100% 
SN-6 117 0.0646 0.0015 1.0441 0.0239 0.1172 0.0010 760 34 726 12 714 6 714 6 102% 
SN-6 118 0.0651 0.0023 1.0779 0.0364 0.1204 0.0015 777 50 743 18 733 9 733 9 101% 
                
 107 
 
SN-7 01 0.0617 0.0030 0.7998 0.0412 0.0936 0.0008 663 96 597 23 577 5 577 5 103% 
SN-7 02 0.0579 0.0009 0.6971 0.0112 0.0872 0.0007 524 22 537 7 539 4 539 4 100% 
SN-7 03 0.0575 0.0011 0.7205 0.0137 0.0908 0.0008 512 27 551 8 560 5 560 5 98% 
SN-7 04 0.0593 0.0010 0.7565 0.0131 0.0925 0.0010 579 20 572 8 570 6 570 6 100% 
SN-7 05 0.0571 0.0009 0.6872 0.0110 0.0871 0.0006 496 23 531 7 538 4 538 4 99% 
SN-7 06 0.1023 0.0012 4.2183 0.0610 0.2981 0.0030 1666 13 1678 12 1682 15 1666 13 99% 
SN-7 07 0.0690 0.0010 1.3990 0.0388 0.1455 0.0030 899 27 889 16 876 17 876 17 101% 
SN-7 08 0.0602 0.0011 0.7534 0.0138 0.0905 0.0007 611 27 570 8 559 4 559 4 102% 
SN-7 09 0.0562 0.0009 0.6476 0.0116 0.0834 0.0009 458 22 507 7 516 5 516 5 98% 
SN-7 10 0.0582 0.0011 0.7881 0.0155 0.0979 0.0009 537 27 590 9 602 5 602 5 98% 
SN-7 11 0.0612 0.0009 0.8192 0.0138 0.0968 0.0010 647 20 608 8 596 6 596 6 102% 
SN-7 12 0.0772 0.0009 2.0067 0.0263 0.1882 0.0016 1126 13 1118 9 1111 9 1126 13 101% 
SN-7 13 0.0580 0.0009 0.7212 0.0110 0.0901 0.0007 528 20 551 6 556 4 556 4 99% 
SN-7 14 0.0593 0.0008 0.7051 0.0102 0.0860 0.0007 579 18 542 6 532 4 532 4 102% 
SN-7 15 0.0603 0.0010 0.8255 0.0133 0.0992 0.0007 613 23 611 7 610 4 610 4 100% 
SN-7 16 0.0597 0.0008 0.7901 0.0118 0.0958 0.0008 594 18 591 7 590 5 590 5 100% 
SN-7 17 0.0603 0.0011 0.8700 0.0148 0.1046 0.0009 615 23 636 8 642 5 642 5 99% 
SN-7 18 0.0598 0.0013 0.7935 0.0171 0.0963 0.0008 596 32 593 10 593 5 593 5 100% 
SN-7 19 0.0619 0.0014 0.7855 0.0168 0.0921 0.0009 671 30 589 10 568 5 568 5 104% 
SN-7 20 0.0588 0.0012 0.8077 0.0167 0.0996 0.0009 558 29 601 9 612 5 612 5 98% 
SN-7 21 0.0589 0.0013 0.7769 0.0175 0.0955 0.0008 564 34 584 10 588 5 588 5 99% 
SN-7 22 0.0590 0.0008 0.7599 0.0106 0.0932 0.0007 568 17 574 6 575 4 575 4 100% 
SN-7 23 0.0609 0.0010 0.6856 0.0177 0.0810 0.0012 635 32 530 11 502 7 502 7 106% 
SN-7 24 0.0597 0.0009 0.8225 0.0118 0.0997 0.0007 594 18 609 7 613 4 613 4 99% 
SN-7 25 0.0591 0.0007 0.7803 0.0108 0.0955 0.0009 571 15 586 6 588 5 588 5 100% 
 108 
 
SN-7 26 0.0575 0.0008 0.7113 0.0097 0.0896 0.0007 511 16 546 6 553 4 553 4 99% 
SN-7 27 0.0608 0.0009 0.8293 0.0114 0.0987 0.0008 634 17 613 6 607 5 607 5 101% 
SN-7 28 0.0585 0.0010 0.7381 0.0119 0.0915 0.0008 548 21 561 7 564 5 564 5 99% 
SN-7 29 0.0552 0.0016 0.6719 0.0175 0.0889 0.0012 421 35 522 11 549 7 549 7 95% 
SN-7 30 0.0594 0.0009 0.7376 0.0110 0.0898 0.0008 583 18 561 6 554 5 554 5 101% 
SN-7 31 0.0616 0.0009 0.8748 0.0122 0.1027 0.0008 661 17 638 7 630 5 630 5 101% 
SN-7 32 0.0582 0.0010 0.7285 0.0135 0.0906 0.0009 536 23 556 8 559 5 559 5 99% 
SN-7 33 0.0605 0.0008 0.8253 0.0109 0.0987 0.0008 621 16 611 6 606 4 606 4 101% 
SN-7 34 0.0930 0.0035 1.3743 0.0812 0.1030 0.0020 1487 83 878 35 632 12 632 12 139% 
SN-7 35 0.0600 0.0010 0.7991 0.0136 0.0963 0.0008 604 23 596 8 593 5 593 5 101% 
SN-7 36 0.0580 0.0010 0.7063 0.0123 0.0880 0.0007 530 25 543 7 544 4 544 4 100% 
SN-7 37 0.0594 0.0008 0.7277 0.0130 0.0885 0.0009 580 21 555 8 547 6 547 6 101% 
SN-7 38 0.0609 0.0008 0.8866 0.0118 0.1052 0.0008 637 16 645 6 645 5 645 5 100% 
SN-7 39 0.0577 0.0010 0.6644 0.0106 0.0835 0.0007 516 20 517 6 517 4 517 4 100% 
SN-7 40 0.0573 0.0010 0.6590 0.0117 0.0832 0.0008 503 24 514 7 515 4 515 4 100% 
SN-7 41 0.0677 0.0012 1.1249 0.0368 0.1193 0.0030 859 31 765 18 726 17 726 17 105% 
SN-7 42 0.0574 0.0010 0.7324 0.0126 0.0924 0.0010 507 20 558 7 570 6 570 6 98% 
SN-7 43 0.0570 0.0011 0.7182 0.0148 0.0914 0.0010 490 26 550 9 564 6 564 6 98% 
SN-7 44 0.0857 0.0043 1.5208 0.0696 0.1287 0.0026 1332 99 939 28 780 15 780 15 120% 
SN-7 45 0.0585 0.0007 0.7264 0.0096 0.0897 0.0007 549 16 554 6 554 4 554 4 100% 
SN-7 46 0.0596 0.0010 0.7906 0.0132 0.0961 0.0010 590 20 591 7 591 6 591 6 100% 
SN-7 47 0.0576 0.0009 0.7274 0.0113 0.0915 0.0007 513 20 555 7 564 4 564 4 98% 
SN-7 48 0.0767 0.0025 1.8702 0.0619 0.1773 0.0029 1113 40 1071 22 1052 16 1113 40 106% 
SN-7 49 0.0568 0.0009 0.6196 0.0101 0.0789 0.0006 484 22 490 6 489 4 489 4 100% 
SN-7 50 0.0846 0.0014 2.5543 0.0406 0.2186 0.0022 1307 16 1288 12 1274 11 1307 16 103% 
 109 
 
SN-7 51 0.0572 0.0013 0.7029 0.0166 0.0889 0.0008 498 36 541 10 549 5 549 5 99% 
SN-7 52 0.0519 0.0010 0.3114 0.0060 0.0435 0.0004 279 28 275 5 274 2 274 2 100% 
SN-7 53 0.0579 0.0011 0.7934 0.0147 0.0993 0.0008 526 26 593 8 610 5 610 5 97% 
SN-7 54 0.0516 0.0019 0.2467 0.0093 0.0349 0.0005 265 60 224 8 221 3 221 3 101% 
SN-7 55 0.0737 0.0013 1.8364 0.0295 0.1807 0.0017 1034 18 1059 11 1071 9 1034 18 97% 
SN-7 56 0.0599 0.0017 0.8672 0.0219 0.1055 0.0011 598 37 634 12 646 6 646 6 98% 
SN-7 57 0.0502 0.0019 0.2414 0.0091 0.0349 0.0004 203 66 220 7 221 2 221 2 100% 
SN-7 58 0.0579 0.0013 0.6402 0.0133 0.0801 0.0006 527 33 502 8 497 3 497 3 101% 
SN-7 59 0.0949 0.0016 2.9104 0.0482 0.2222 0.0021 1526 17 1385 13 1294 11 1526 17 118% 
SN-7 60 0.0517 0.0010 0.2540 0.0053 0.0356 0.0003 270 33 230 4 225 2 225 2 102% 
SN-7 61 0.0512 0.0012 0.2538 0.0062 0.0359 0.0003 249 39 230 5 228 2 228 2 101% 
SN-7 62 0.0795 0.0015 2.1715 0.0406 0.1978 0.0015 1184 25 1172 13 1163 8 1184 25 102% 
SN-7 63 0.0778 0.0015 2.1142 0.0382 0.1968 0.0017 1143 22 1153 12 1158 9 1143 22 99% 
SN-7 64 0.0500 0.0017 0.2393 0.0082 0.0346 0.0003 196 62 218 7 219 2 219 2 100% 
SN-7 65 0.0534 0.0013 0.4103 0.0098 0.0557 0.0005 345 37 349 7 350 3 350 3 100% 
SN-7 66 0.0499 0.0009 0.2388 0.0041 0.0347 0.0003 188 24 217 3 220 2 220 2 99% 
SN-7 67 0.0610 0.0912 1.0939 1.6306 0.1301 0.0151 639 1941 750 791 788 86 788 86 95% 
SN-7 68 0.0703 0.0038 1.3904 0.0687 0.1435 0.0032 936 114 885 29 864 18 864 18 102% 
SN-7 69 0.0492 0.0009 0.2423 0.0044 0.0356 0.0003 158 28 220 4 225 2 225 2 98% 
SN-7 70 0.0558 0.0014 0.2853 0.0073 0.0370 0.0003 445 41 255 6 234 2 234 2 109% 
SN-7 71 0.0531 0.0014 0.3906 0.0106 0.0532 0.0005 334 43 335 8 334 3 334 3 100% 
SN-7 72 0.0544 0.0014 0.2998 0.0078 0.0400 0.0005 386 37 266 6 253 3 253 3 105% 
SN-7 73 0.0516 0.0011 0.2854 0.0059 0.0401 0.0004 268 32 255 5 254 2 254 2 100% 
SN-7 74 0.0530 0.0016 0.2994 0.0082 0.0411 0.0004 330 43 266 6 259 3 259 3 103% 
SN-7 75 0.0616 0.0012 0.9464 0.0183 0.1114 0.0010 661 26 676 10 681 6 681 6 99% 
 110 
 
SN-7 76 0.0615 0.0013 0.9442 0.0202 0.1112 0.0010 658 31 675 11 679 6 679 6 99% 
SN-7 77 0.0496 0.0012 0.2472 0.0065 0.0361 0.0004 176 40 224 5 229 3 229 3 98% 
SN-7 78 0.0610 0.0017 0.6962 0.0192 0.0833 0.0011 638 37 537 11 516 6 516 6 104% 
SN-7 79 0.0502 0.0013 0.2326 0.0069 0.0336 0.0005 203 41 212 6 213 3 213 3 100% 
SN-7 80 0.0530 0.0018 0.2721 0.0085 0.0375 0.0004 330 52 244 7 237 3 237 3 103% 
SN-7 81 0.0601 0.0015 0.8931 0.0219 0.1082 0.0012 606 34 648 12 662 7 662 7 98% 
SN-7 82 0.0602 0.0008 0.7371 0.0102 0.0887 0.0006 611 18 561 6 548 4 548 4 102% 
SN-7 83 0.0543 0.0014 0.2508 0.0067 0.0335 0.0003 381 42 227 5 213 2 213 2 107% 
SN-7 84 0.0758 0.0017 2.0369 0.0448 0.1955 0.0021 1090 27 1128 15 1151 11 1090 27 95% 
SN-7 85 0.0522 0.0021 0.2796 0.0111 0.0389 0.0003 294 94 250 9 246 2 246 2 102% 
SN-7 86 0.0779 0.0016 2.1008 0.0447 0.1955 0.0018 1143 28 1149 15 1151 10 1143 28 99% 
SN-7 87 0.0781 0.0013 2.0801 0.0367 0.1933 0.0016 1148 22 1142 12 1139 9 1148 22 101% 
SN-7 88 0.0524 0.0011 0.2529 0.0052 0.0351 0.0003 302 31 229 4 222 2 222 2 103% 
SN-7 89 0.0549 0.0016 0.2573 0.0085 0.0340 0.0004 408 53 232 7 215 2 215 2 108% 
SN-7 90 0.0593 0.0038 0.7973 0.0490 0.0975 0.0018 579 143 595 28 600 10 600 10 99% 
SN-7 91 0.0548 0.0017 0.2582 0.0085 0.0341 0.0004 405 53 233 7 216 2 216 2 108% 
SN-7 92 0.0804 0.0014 2.2106 0.0383 0.1998 0.0018 1206 20 1184 12 1174 10 1206 20 103% 
SN-7 93 0.0747 0.0020 1.5168 0.0417 0.1484 0.0025 1061 30 937 17 892 14 892 14 105% 
SN-7 94 0.0529 0.0012 0.3048 0.0072 0.0419 0.0004 323 38 270 6 264 2 264 2 102% 
SN-7 95 0.1228 0.0014 5.3495 0.0653 0.3157 0.0020 1997 13 1877 10 1769 10 1997 13 113% 
SN-7 96 0.0763 0.0013 1.8537 0.0315 0.1765 0.0015 1102 21 1065 11 1048 8 1102 21 105% 
SN-7 97 0.1246 0.0016 5.9901 0.0838 0.3484 0.0026 2023 15 1974 12 1927 12 2023 15 105% 
SN-7 98 0.0705 0.0010 0.8176 0.0183 0.0840 0.0016 944 21 607 10 520 9 520 9 117% 
SN-7 99 0.0570 0.0022 0.6195 0.0224 0.0788 0.0009 491 85 490 14 489 5 489 5 100% 
SN-7 100 0.0792 0.0011 2.1386 0.0330 0.1956 0.0017 1176 17 1161 11 1152 9 1176 17 102% 
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SN-7 101 0.0777 0.0017 2.2007 0.0488 0.2055 0.0022 1138 27 1181 15 1205 12 1138 27 94% 
SN-7 102 0.0635 0.0010 0.9754 0.0166 0.1112 0.0008 725 24 691 9 679 5 679 5 102% 
SN-7 103 0.0584 0.0012 0.6083 0.0140 0.0754 0.0009 546 30 482 9 469 5 469 5 103% 
SN-7 104 0.0810 0.0021 2.1002 0.0572 0.1881 0.0022 1220 35 1149 19 1111 12 1220 35 110% 
SN-7 105 0.0513 0.0028 0.3028 0.0159 0.0429 0.0006 252 126 269 12 270 4 270 4 100% 
SN-7 106 0.0530 0.0017 0.3929 0.0123 0.0540 0.0006 327 52 336 9 339 3 339 3 99% 
SN-7 107 0.0521 0.0011 0.2586 0.0053 0.0361 0.0003 288 31 234 4 228 2 228 2 103% 
SN-7 108 0.0546 0.0018 0.3149 0.0106 0.0420 0.0004 394 56 278 8 265 3 265 3 105% 
SN-7 109 0.0797 0.0012 2.1562 0.0346 0.1961 0.0014 1190 20 1167 11 1154 8 1190 20 103% 
                
SN-9 01 0.0604 0.0010 0.9090 0.0152 0.1090 0.0008 619 23 657 8 667 5 667 5 99% 
SN-9 02 0.0812 0.0011 2.2187 0.0305 0.1981 0.0016 1226 15 1187 10 1165 9 1226 15 105% 
SN-9 03 0.0658 0.0012 1.0510 0.0254 0.1152 0.0016 801 28 729 13 703 9 703 9 104% 
SN-9 04 0.0987 0.0024 1.8443 0.0406 0.1355 0.0014 1600 46 1061 14 819 8 819 8 130% 
SN-9 05 0.0621 0.0015 0.9290 0.0207 0.1085 0.0010 677 53 667 11 664 6 664 6 100% 
SN-9 06 0.0573 0.0012 0.6601 0.0144 0.0836 0.0007 502 34 515 9 518 4 518 4 99% 
SN-9 07 0.0714 0.0009 1.5484 0.0213 0.1571 0.0013 970 15 950 8 941 7 941 7 101% 
SN-9 08 0.0847 0.0016 2.3036 0.0434 0.1974 0.0017 1308 23 1213 13 1161 9 1308 23 113% 
SN-9 09 0.0803 0.0013 2.1061 0.0384 0.1902 0.0019 1203 21 1151 13 1123 10 1203 21 107% 
SN-9 10 0.0591 0.0010 0.7594 0.0132 0.0932 0.0008 569 24 574 8 574 4 574 4 100% 
SN-9 11 0.0728 0.0010 1.5418 0.0224 0.1534 0.0013 1009 17 947 9 920 7 920 7 103% 
SN-9 12 0.0577 0.0016 0.6420 0.0167 0.0807 0.0006 519 61 504 10 500 4 500 4 101% 
SN-9 13 0.0613 0.0009 0.8186 0.0126 0.0967 0.0008 650 19 607 7 595 5 595 5 102% 
SN-9 14 0.0691 0.0029 1.2842 0.0501 0.1348 0.0018 902 87 839 22 815 10 815 10 103% 
SN-9 15 0.0951 0.0019 3.4426 0.0686 0.2626 0.0022 1530 25 1514 16 1503 11 1530 25 102% 
 112 
 
SN-9 16 0.0824 0.0011 2.4029 0.0353 0.2113 0.0018 1255 16 1243 11 1235 9 1255 16 102% 
SN-9 17 0.0821 0.0010 2.3302 0.0305 0.2055 0.0016 1248 14 1222 9 1205 9 1248 14 104% 
SN-9 18 0.0592 0.0011 0.7153 0.0136 0.0877 0.0008 573 27 548 8 542 4 542 4 101% 
SN-9 19 0.0629 0.0010 0.9477 0.0173 0.1093 0.0012 703 21 677 9 668 7 668 7 101% 
SN-9 20 0.0603 0.0009 0.8071 0.0130 0.0970 0.0009 615 20 601 7 597 5 597 5 101% 
SN-9 21 0.0763 0.0012 1.8249 0.0275 0.1736 0.0016 1103 16 1054 10 1032 9 1103 16 107% 
SN-9 22 0.0587 0.0012 0.7701 0.0149 0.0953 0.0008 554 28 580 9 587 4 587 4 99% 
SN-9 23 0.0596 0.0008 0.6968 0.0094 0.0846 0.0005 591 18 537 6 523 3 523 3 103% 
SN-9 24 0.1223 0.0014 5.3989 0.0641 0.3197 0.0021 1990 12 1885 10 1788 10 1990 12 111% 
SN-9 25 0.0646 0.0009 0.9733 0.0148 0.1092 0.0009 761 18 690 8 668 5 668 5 103% 
SN-9 26 0.0610 0.0008 0.8580 0.0124 0.1019 0.0007 640 19 629 7 625 4 625 4 101% 
SN-9 27 0.0611 0.0009 0.8060 0.0117 0.0956 0.0007 644 19 600 7 588 4 588 4 102% 
SN-9 28 0.0603 0.0011 0.8035 0.0169 0.0965 0.0010 612 28 599 9 594 6 594 6 101% 
SN-9 29 0.0594 0.0010 0.7363 0.0134 0.0898 0.0008 580 24 560 8 555 5 555 5 101% 
SN-9 30 0.0617 0.0010 0.8108 0.0154 0.0950 0.0009 665 25 603 9 585 5 585 5 103% 
SN-9 31 0.0619 0.0015 0.7868 0.0190 0.0920 0.0007 672 39 589 11 567 4 567 4 104% 
SN-9 32 0.0531 0.0011 0.3188 0.0069 0.0435 0.0004 332 34 281 5 275 2 275 2 102% 
SN-9 33 0.0712 0.0013 1.3425 0.0234 0.1369 0.0014 963 19 864 10 827 8 827 8 104% 
SN-9 34 0.0771 0.0011 1.7565 0.0266 0.1649 0.0012 1123 19 1030 10 984 7 984 7 105% 
SN-9 35 0.1630 0.0018 8.6396 0.1033 0.3834 0.0025 2487 12 2301 11 2092 12 2487 12 119% 
SN-9 36 0.0674 0.0011 1.1432 0.0190 0.1230 0.0012 850 19 774 9 748 7 748 7 103% 
SN-9 37 0.0789 0.0013 2.2020 0.0366 0.2020 0.0015 1169 21 1182 12 1186 8 1169 21 99% 
SN-9 38 0.0670 0.0012 1.2301 0.0201 0.1331 0.0009 838 38 814 9 806 5 806 5 101% 
SN-9 39 0.0559 0.0011 0.6190 0.0111 0.0803 0.0007 449 25 489 7 498 4 498 4 98% 
SN-9 40 0.1627 0.0021 10.2603 0.1295 0.4560 0.0030 2484 13 2459 12 2422 13 2484 13 103% 
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SN-9 41 0.0592 0.0012 0.7304 0.0140 0.0895 0.0007 574 46 557 8 553 4 553 4 101% 
SN-9 42 0.0756 0.0010 1.8236 0.0231 0.1745 0.0011 1084 15 1054 8 1037 6 1084 15 105% 
SN-9 43 0.0590 0.0008 0.7316 0.0103 0.0896 0.0006 569 19 557 6 553 4 553 4 101% 
SN-9 44 0.0726 0.0010 1.6011 0.0283 0.1593 0.0020 1004 18 971 11 953 11 953 11 102% 
SN-9 45 0.0599 0.0012 0.7649 0.0152 0.0925 0.0008 599 28 577 9 570 5 570 5 101% 
SN-9 46 0.0596 0.0014 0.8212 0.0182 0.1002 0.0010 588 32 609 10 615 6 615 6 99% 
SN-9 47 0.0586 0.0010 0.6575 0.0110 0.0812 0.0006 552 24 513 7 503 3 503 3 102% 
SN-9 48 0.0726 0.0012 1.5862 0.0283 0.1580 0.0014 1003 22 965 11 946 8 946 8 102% 
SN-9 49 0.0580 0.0013 0.7037 0.0161 0.0879 0.0007 528 36 541 10 543 4 543 4 100% 
SN-9 50 0.1465 0.0024 5.5433 0.0932 0.2740 0.0026 2305 16 1907 14 1561 13 2305 16 148% 
SN-9 51 0.0675 0.0011 0.9762 0.0182 0.1047 0.0013 853 20 692 9 642 7 642 7 108% 
SN-9 52 0.0606 0.0010 0.8109 0.0127 0.0969 0.0008 624 21 603 7 596 4 596 4 101% 
SN-9 53 0.0589 0.0030 0.6037 0.0301 0.0744 0.0007 562 113 480 19 463 4 463 4 104% 
SN-9 54 0.0584 0.0012 0.6766 0.0141 0.0840 0.0008 543 29 525 9 520 5 520 5 101% 
SN-9 55 0.0544 0.0013 0.3370 0.0083 0.0454 0.0011 387 25 295 6 286 7 286 7 103% 
SN-9 56 0.0507 0.0012 0.2887 0.0068 0.0413 0.0004 229 37 258 5 261 2 261 2 99% 
SN-9 57 0.0542 0.0011 0.2750 0.0054 0.0368 0.0003 380 29 247 4 233 2 233 2 106% 
SN-9 58 0.0517 0.0030 0.3112 0.0177 0.0437 0.0005 272 135 275 14 276 3 276 3 100% 
SN-9 59 0.0512 0.0051 0.2468 0.0240 0.0350 0.0006 249 226 224 20 222 4 222 4 101% 
SN-9 60 0.0715 0.0012 1.6591 0.0308 0.1677 0.0017 972 22 993 12 999 9 999 9 99% 
SN-9 61 0.0503 0.0011 0.2878 0.0061 0.0414 0.0003 211 35 257 5 261 2 261 2 98% 
SN-9 62 0.0586 0.0014 0.5812 0.0147 0.0717 0.0007 553 38 465 9 446 4 446 4 104% 
SN-9 63 0.0509 0.0011 0.2630 0.0057 0.0375 0.0004 235 30 237 5 237 3 237 3 100% 
SN-9 64 0.0567 0.0012 0.5610 0.0111 0.0717 0.0006 481 49 452 7 446 4 446 4 101% 
SN-9 65 0.0495 0.0009 0.2566 0.0048 0.0375 0.0003 170 28 232 4 238 2 238 2 97% 
 114 
 
SN-9 66 0.0508 0.0011 0.2466 0.0053 0.0351 0.0002 231 37 224 4 222 2 222 2 101% 
SN-9 67 0.0525 0.0014 0.2598 0.0069 0.0359 0.0004 306 43 235 6 227 2 227 2 104% 
SN-9 68 0.0599 0.0026 0.5758 0.0241 0.0697 0.0006 601 95 462 16 434 3 434 3 106% 
SN-9 69 0.0529 0.0014 0.3130 0.0082 0.0429 0.0004 324 42 277 6 271 3 271 3 102% 
SN-9 70 0.0804 0.0017 2.4474 0.0552 0.2206 0.0026 1206 26 1257 16 1285 14 1206 26 94% 
SN-9 71 0.0505 0.0014 0.2806 0.0077 0.0403 0.0004 219 43 251 6 255 3 255 3 98% 
SN-9 72 0.0563 0.0019 0.2644 0.0088 0.0341 0.0003 466 56 238 7 216 2 216 2 110% 
SN-9 73 0.0737 0.0014 1.6463 0.0347 0.1618 0.0018 1033 25 988 13 967 10 967 10 102% 
SN-9 74 0.0535 0.0019 0.2931 0.0098 0.0399 0.0005 351 54 261 8 252 3 252 3 104% 
SN-9 75 0.0848 0.0116 2.1689 0.2921 0.1856 0.0039 1310 280 1171 94 1097 21 1310 280 119% 
SN-9 76 0.0549 0.0016 0.2913 0.0078 0.0384 0.0004 407 40 260 6 243 3 243 3 107% 
SN-9 77 0.0617 0.0011 0.9111 0.0171 0.1067 0.0010 664 25 658 9 654 6 654 6 101% 
SN-9 78 0.0629 0.0023 0.9369 0.0352 0.1081 0.0013 705 59 671 18 661 8 661 8 102% 
SN-9 79 0.0801 0.0018 2.3629 0.0521 0.2136 0.0021 1200 28 1231 16 1248 11 1200 28 96% 
SN-9 80 0.0602 0.0013 0.8541 0.0185 0.1026 0.0009 612 32 627 10 630 5 630 5 100% 
SN-9 81 0.0748 0.0021 1.8343 0.0520 0.1795 0.0045 1064 25 1058 19 1064 24 1064 25 100% 
SN-9 82 0.0538 0.0025 0.3189 0.0132 0.0433 0.0005 363 73 281 10 273 3 273 3 103% 
SN-9 83 0.0729 0.0027 0.3809 0.0148 0.0377 0.0004 1011 63 328 11 239 2 239 2 137% 
SN-9 84 0.0547 0.0009 0.3813 0.0064 0.0504 0.0004 398 24 328 5 317 2 317 2 103% 
SN-9 85 0.0619 0.0013 0.9099 0.0187 0.1065 0.0012 671 25 657 10 652 7 652 7 101% 
SN-9 86 0.0507 0.0011 0.2939 0.0062 0.0419 0.0003 228 34 262 5 265 2 265 2 99% 
SN-9 87 0.0549 0.0018 0.2684 0.0087 0.0354 0.0004 408 55 241 7 225 2 225 2 107% 
SN-9 88 0.0503 0.0021 0.2318 0.0093 0.0334 0.0003 208 97 212 8 212 2 212 2 100% 
SN-9 89 0.0568 0.0011 0.6710 0.0130 0.0856 0.0008 483 26 521 8 530 5 530 5 98% 
SN-9 90 0.0560 0.0019 0.2773 0.0091 0.0360 0.0003 451 56 249 7 228 2 228 2 109% 
 115 
 
SN-9 91 0.0622 0.0009 0.9511 0.0139 0.1106 0.0008 680 19 679 7 676 5 676 5 100% 
SN-9 92 0.0497 0.0010 0.2901 0.0061 0.0422 0.0004 180 32 259 5 266 2 266 2 97% 
SN-9 93 0.0523 0.0035 0.3337 0.0224 0.0463 0.0004 297 156 292 17 292 3 292 3 100% 
SN-9 94 0.0868 0.0031 2.8711 0.2222 0.2310 0.0126 1355 73 1374 58 1340 66 1355 73 101% 
SN-9 95 0.0567 0.0013 0.6823 0.0147 0.0872 0.0008 480 32 528 9 539 4 539 4 98% 
SN-9 96 0.0547 0.0015 0.2736 0.0095 0.0359 0.0003 401 61 246 8 228 2 228 2 108% 
SN-9 97 0.0572 0.0012 0.6675 0.0140 0.0845 0.0007 498 32 519 9 523 4 523 4 99% 
SN-9 98 0.0461 0.0036 0.2121 0.0166 0.0334 0.0004 
 
173 195 14 212 2 212 2 92% 
SN-9 99 0.0610 0.0012 0.9235 0.0185 0.1096 0.0009 639 29 664 10 670 5 670 5 99% 
SN-9 100 0.0793 0.0013 2.0720 0.0384 0.1893 0.0024 1180 18 1140 13 1118 13 1180 18 106% 
SN-9 101 0.0575 0.0015 0.6987 0.0193 0.0877 0.0008 512 44 538 12 542 5 542 5 99% 
SN-9 102 0.0918 0.0014 2.6755 0.0714 0.2096 0.0043 1463 24 1322 20 1227 23 1463 24 119% 
SN-9 103 0.0461 0.0221 0.4114 0.1931 0.0648 0.0064 
 
814 350 139 405 39 405 39 86% 
SN-9 104 0.0701 0.0023 1.1131 0.0372 0.1148 0.0012 932 51 760 18 701 7 701 7 108% 
SN-9 105 0.0617 0.0017 0.9324 0.0245 0.1098 0.0012 662 38 669 13 672 7 672 7 100% 
SN-9 106 0.0513 0.0020 0.2704 0.0102 0.0382 0.0003 255 92 243 8 242 2 242 2 100% 
SN-9 107 0.0667 0.0018 0.6436 0.0134 0.0704 0.0008 830 25 505 8 438 5 438 5 115% 
SN-9 108 0.0504 0.0011 0.2573 0.0054 0.0370 0.0003 211 32 232 4 234 2 234 2 99% 
SN-9 109 0.0533 0.0042 0.2622 0.0203 0.0357 0.0003 341 180 236 16 226 2 226 2 104% 
SN-9 110 0.0538 0.0039 0.2577 0.0182 0.0347 0.0005 363 167 233 15 220 3 220 3 106% 
SN-9 111 0.0521 0.0024 0.2403 0.0109 0.0335 0.0003 288 108 219 9 212 2 212 2 103% 
SN-9 112 0.0556 0.0021 0.3252 0.0129 0.0423 0.0004 438 74 286 10 267 2 267 2 107% 
SN-9 113 0.0560 0.0014 0.2922 0.0068 0.0378 0.0004 454 34 260 5 239 2 239 2 109% 
SN-9 114 0.0653 0.0012 0.5608 0.0108 0.0622 0.0007 783 23 452 7 389 4 389 4 116% 
SN-9 115 0.0506 0.0011 0.2794 0.0057 0.0400 0.0003 225 33 250 5 253 2 253 2 99% 
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SN-9 116 0.0553 0.0063 0.3753 0.0426 0.0493 0.0007 423 261 324 31 310 4 310 4 105% 
SN-9 117 0.0553 0.0017 0.2859 0.0087 0.0375 0.0004 423 49 255 7 237 2 237 2 108% 
SN-9 118 0.0578 0.0017 0.2884 0.0091 0.0361 0.0004 522 50 257 7 229 2 229 2 112% 
SN-9 119 0.0602 0.0014 0.9016 0.0208 0.1090 0.0013 610 30 653 11 667 8 667 8 98% 
SN-9 120 0.0519 0.0015 0.2646 0.0077 0.0370 0.0004 282 46 238 6 234 3 234 3 102% 
                
SN-10 01 0.0559 0.0010 0.3000 0.0052 0.0389 0.0004 450 22 266 4 246 2 246 2 108% 
SN-10 02 0.0581 0.0026 0.3264 0.0135 0.0411 0.0007 532 61 287 10 260 4 260 4 110% 
SN-10 03 0.0511 0.0011 0.2637 0.0057 0.0373 0.0003 245 34 238 5 236 2 236 2 101% 
SN-10 04 0.0515 0.0015 0.2989 0.0098 0.0418 0.0005 263 53 266 8 264 3 264 3 101% 
SN-10 05 0.0568 0.0009 0.6103 0.0103 0.0777 0.0008 484 20 484 6 482 5 482 5 100% 
SN-10 06 0.0725 0.0018 1.5982 0.0495 0.1587 0.0029 1001 35 969 19 950 16 950 16 102% 
SN-10 07 0.0503 0.0015 0.2751 0.0075 0.0398 0.0005 207 41 247 6 251 3 251 3 98% 
SN-10 08 0.0542 0.0012 0.4676 0.0185 0.0621 0.0020 378 41 390 13 388 12 388 12 101% 
SN-10 09 0.0601 0.0014 0.7974 0.0179 0.0958 0.0008 608 33 595 10 590 5 590 5 101% 
SN-10 10 0.0526 0.0010 0.3138 0.0055 0.0431 0.0004 310 25 277 4 272 2 272 2 102% 
SN-10 11 0.1064 0.0016 4.5509 0.0613 0.3086 0.0024 1739 14 1740 11 1734 12 1739 14 100% 
SN-10 12 0.0511 0.0014 0.2537 0.0067 0.0360 0.0004 245 41 230 5 228 2 228 2 101% 
SN-10 13 0.0519 0.0092 0.2736 0.0480 0.0383 0.0008 279 354 246 38 242 5 242 5 102% 
SN-10 14 0.0513 0.0010 0.2924 0.0057 0.0411 0.0003 256 29 260 4 260 2 260 2 100% 
SN-10 15 0.0569 0.0018 0.3450 0.0140 0.0434 0.0005 487 70 301 11 274 3 274 3 110% 
SN-10 16 0.0556 0.0012 0.6551 0.0158 0.0848 0.0009 437 35 512 10 525 5 525 5 98% 
SN-10 17 0.0578 0.0017 0.6622 0.0188 0.0830 0.0007 521 47 516 11 514 4 514 4 100% 
SN-10 18 0.0573 0.0016 0.6720 0.0164 0.0854 0.0011 503 31 522 10 528 7 528 7 99% 
SN-10 19 0.0500 0.0008 0.2528 0.0041 0.0365 0.0003 197 23 229 3 231 2 231 2 99% 
 117 
 
SN-10 20 0.0685 0.0012 1.4574 0.0315 0.1538 0.0024 885 21 913 13 922 14 922 14 99% 
SN-10 21 0.0510 0.0014 0.2895 0.0084 0.0411 0.0005 242 45 258 7 259 3 259 3 100% 
SN-10 22 0.0497 0.0010 0.2867 0.0057 0.0418 0.0004 180 29 256 5 264 3 264 3 97% 
SN-10 23 0.0504 0.0012 0.3024 0.0079 0.0433 0.0004 214 43 268 6 273 3 273 3 98% 
SN-10 24 0.0513 0.0011 0.2547 0.0053 0.0360 0.0003 255 33 230 4 228 2 228 2 101% 
SN-10 25 0.0587 0.0011 0.7042 0.0125 0.0870 0.0008 557 23 541 7 537 5 537 5 101% 
SN-10 26 0.1760 0.0023 10.0703 0.1635 0.4148 0.0055 2615 12 2441 15 2237 25 2615 12 117% 
SN-10 27 0.0761 0.0024 1.8662 0.0555 0.1780 0.0019 1096 65 1069 20 1056 10 1096 65 104% 
SN-10 28 0.0609 0.0009 0.8899 0.0145 0.1057 0.0009 637 20 646 8 648 5 648 5 100% 
SN-10 29 0.0705 0.0013 1.5491 0.0306 0.1593 0.0018 944 23 950 12 953 10 953 10 100% 
SN-10 30 0.0515 0.0009 0.2808 0.0053 0.0395 0.0004 264 27 251 4 250 2 250 2 100% 
SN-10 31 0.0545 0.0015 0.2754 0.0078 0.0367 0.0004 390 45 247 6 232 2 232 2 106% 
SN-10 32 0.0503 0.0013 0.2514 0.0067 0.0363 0.0004 208 43 228 5 230 2 230 2 99% 
SN-10 33 0.0777 0.0011 2.0636 0.0311 0.1922 0.0015 1139 18 1137 10 1133 8 1139 18 101% 
SN-10 34 0.1539 0.0017 7.7218 0.0951 0.3632 0.0027 2389 11 2199 11 1997 13 2389 11 120% 
SN-10 35 0.1025 0.0012 1.8856 0.0246 0.1332 0.0010 1669 13 1076 9 806 6 806 6 133% 
SN-10 36 0.0503 0.0011 0.2554 0.0054 0.0370 0.0004 206 31 231 4 234 2 234 2 99% 
SN-10 37 0.0529 0.0017 0.3070 0.0135 0.0415 0.0009 323 61 272 10 262 6 262 6 104% 
SN-10 38 0.0598 0.0008 0.8239 0.0113 0.0998 0.0007 595 18 610 6 613 4 613 4 100% 
SN-10 39 0.0749 0.0011 1.7602 0.0257 0.1701 0.0014 1066 16 1031 9 1013 8 1066 16 105% 
SN-10 40 0.0554 0.0013 0.6373 0.0148 0.0835 0.0011 428 30 501 9 517 6 517 6 97% 
SN-10 41 0.0501 0.0014 0.2696 0.0072 0.0390 0.0004 202 45 242 6 247 2 247 2 98% 
SN-10 42 0.0527 0.0018 0.3061 0.0099 0.0422 0.0005 317 54 271 8 266 3 266 3 102% 
SN-10 43 0.0537 0.0020 0.2775 0.0103 0.0375 0.0004 357 64 249 8 237 3 237 3 105% 
SN-10 44 0.0523 0.0019 0.3064 0.0106 0.0426 0.0005 299 59 271 8 269 3 269 3 101% 
 118 
 
SN-10 45 0.0507 0.0010 0.3259 0.0069 0.0465 0.0006 228 28 286 5 293 3 293 3 98% 
SN-10 46 0.0559 0.0012 0.6403 0.0126 0.0830 0.0007 447 29 502 8 514 4 514 4 98% 
SN-10 47 0.0516 0.0010 0.2949 0.0060 0.0413 0.0004 266 29 262 5 261 2 261 2 100% 
SN-10 48 0.0512 0.0013 0.4127 0.0102 0.0586 0.0006 248 37 351 7 367 4 367 4 96% 
SN-10 49 0.0498 0.0010 0.2752 0.0076 0.0399 0.0007 188 33 247 6 252 4 252 4 98% 
SN-10 50 0.0568 0.0015 0.7190 0.0186 0.0915 0.0008 482 42 550 11 565 5 565 5 97% 
SN-10 51 0.0706 0.0012 1.6300 0.0284 0.1669 0.0014 946 22 982 11 995 8 995 8 99% 
SN-10 52 0.1591 0.0021 9.6212 0.1393 0.4372 0.0041 2446 13 2399 13 2338 18 2446 13 105% 
SN-10 53 0.0547 0.0010 0.3490 0.0091 0.0460 0.0008 401 30 304 7 290 5 290 5 105% 
SN-10 54 0.0607 0.0016 0.7983 0.0194 0.0954 0.0009 630 35 596 11 587 5 587 5 102% 
SN-10 55 0.0602 0.0025 0.8372 0.0340 0.1009 0.0011 610 93 618 19 620 6 620 6 100% 
SN-10 56 0.0797 0.0071 1.8152 0.1297 0.1657 0.0024 1190 119 1051 47 988 13 988 13 106% 
SN-10 57 0.0503 0.0007 0.2537 0.0038 0.0364 0.0003 210 20 230 3 231 2 231 2 100% 
SN-10 58 0.0519 0.0031 0.2833 0.0167 0.0402 0.0008 280 99 253 13 254 5 254 5 100% 
SN-10 59 0.0588 0.0012 0.7253 0.0155 0.0892 0.0008 559 30 554 9 551 5 551 5 101% 
SN-10 60 0.0540 0.0013 0.2694 0.0065 0.0361 0.0003 372 38 242 5 229 2 229 2 106% 
SN-10 61 0.0753 0.0013 1.8894 0.0320 0.1812 0.0017 1078 20 1077 11 1074 9 1078 20 100% 
SN-10 62 0.0565 0.0017 0.7253 0.0213 0.0930 0.0011 473 45 554 13 573 6 573 6 97% 
SN-10 63 0.0784 0.0018 1.2745 0.0281 0.1180 0.0010 1156 48 834 13 719 6 719 6 116% 
SN-10 64 0.0506 0.0057 0.2695 0.0300 0.0387 0.0004 221 251 242 24 245 3 245 3 99% 
SN-10 65 0.0602 0.0016 0.9439 0.0252 0.1135 0.0011 610 41 675 13 693 6 693 6 97% 
SN-10 66 0.0598 0.0010 0.7921 0.0133 0.0960 0.0007 596 23 592 8 591 4 591 4 100% 
SN-10 67 0.0602 0.0010 0.8255 0.0147 0.0992 0.0008 612 24 611 8 610 5 610 5 100% 
SN-10 68 0.0694 0.0019 1.4382 0.0363 0.1504 0.0014 910 57 905 15 903 8 903 8 100% 
SN-10 69 0.0766 0.0018 2.0297 0.0495 0.1920 0.0018 1111 34 1126 17 1132 10 1111 34 98% 
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SN-10 70 0.0533 0.0010 0.3544 0.0069 0.0482 0.0004 339 28 308 5 304 3 304 3 101% 
SN-10 71 0.0505 0.0009 0.2538 0.0043 0.0364 0.0003 219 25 230 4 231 2 231 2 100% 
SN-10 72 0.0617 0.0017 0.9083 0.0256 0.1069 0.0012 663 41 656 14 655 7 655 7 100% 
SN-10 73 0.0614 0.0015 0.9209 0.0223 0.1089 0.0012 653 33 663 12 666 7 666 7 100% 
SN-10 74 0.2242 0.0025 17.5828 0.2921 0.5676 0.0073 3011 12 2967 16 2898 30 3011 12 104% 
SN-10 75 0.0721 0.0011 1.4655 0.0260 0.1473 0.0017 989 19 916 11 886 9 886 9 103% 
SN-10 76 0.0603 0.0014 0.8078 0.0182 0.0971 0.0009 615 33 601 10 598 5 598 5 101% 
SN-10 77 0.1927 0.0023 14.0244 0.1807 0.5270 0.0042 2765 11 2751 12 2729 18 2765 11 101% 
SN-10 78 0.0791 0.0018 2.1621 0.0473 0.1988 0.0021 1174 27 1169 15 1169 11 1174 27 100% 
SN-10 79 0.0508 0.0011 0.3055 0.0070 0.0436 0.0005 231 34 271 5 275 3 275 3 99% 
SN-10 80 0.0590 0.0009 0.7674 0.0119 0.0942 0.0008 566 19 578 7 580 5 580 5 100% 
SN-10 81 0.0585 0.0009 0.7514 0.0130 0.0929 0.0008 549 23 569 8 573 5 573 5 99% 
SN-10 82 0.0735 0.0009 1.7690 0.0210 0.1744 0.0012 1026 13 1034 8 1036 7 1026 13 99% 
SN-10 83 0.0588 0.0011 0.7308 0.0141 0.0900 0.0009 558 25 557 8 556 5 556 5 100% 
SN-10 84 0.1104 0.0015 4.9525 0.0706 0.3249 0.0030 1806 13 1811 12 1814 14 1806 13 100% 
SN-10 85 0.0606 0.0017 0.7137 0.0186 0.0856 0.0008 625 40 547 11 530 5 530 5 103% 
SN-10 86 0.0589 0.0014 0.7092 0.0156 0.0874 0.0008 563 32 544 9 540 5 540 5 101% 
SN-10 87 0.0796 0.0012 2.2338 0.0332 0.2032 0.0015 1186 18 1192 10 1192 8 1186 18 99% 
SN-10 88 0.0520 0.0011 0.2787 0.0054 0.0389 0.0003 284 28 250 4 246 2 246 2 102% 
SN-10 89 0.0681 0.0013 1.0875 0.0221 0.1156 0.0013 872 24 747 11 705 7 705 7 106% 
SN-10 90 0.0645 0.0016 0.8501 0.0187 0.0960 0.0011 756 28 625 10 591 6 591 6 106% 
SN-10 91 0.0507 0.0008 0.2642 0.0040 0.0377 0.0003 229 21 238 3 238 2 238 2 100% 
SN-10 92 0.0688 0.0019 1.3354 0.0337 0.1408 0.0014 893 57 861 15 849 8 849 8 101% 
SN-10 93 0.0611 0.0009 0.8831 0.0129 0.1046 0.0008 643 18 643 7 641 5 641 5 100% 
SN-10 94 0.0571 0.0014 0.6673 0.0166 0.0846 0.0008 496 37 519 10 524 5 524 5 99% 
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SN-10 95 0.0606 0.0012 0.7827 0.0157 0.0936 0.0010 623 26 587 9 577 6 577 6 102% 
SN-10 96 0.0589 0.0011 0.7469 0.0136 0.0919 0.0008 563 25 566 8 567 5 567 5 100% 
SN-10 97 0.0692 0.0010 1.3601 0.0214 0.1422 0.0014 903 17 872 9 857 8 857 8 102% 
SN-10 98 0.0587 0.0011 0.8097 0.0154 0.0998 0.0008 555 27 602 9 613 5 613 5 98% 
SN-10 99 0.0666 0.0013 1.0863 0.0274 0.1176 0.0017 825 30 747 13 716 10 716 10 104% 
SN-10 100 0.0590 0.0011 0.7495 0.0139 0.0920 0.0008 568 26 568 8 567 4 567 4 100% 
SN-10 101 0.0589 0.0013 0.7489 0.0169 0.0921 0.0010 563 31 568 10 568 6 568 6 100% 
SN-10 102 0.0601 0.0011 0.8094 0.0133 0.0976 0.0008 608 22 602 7 600 4 600 4 100% 
SN-10 103 0.0615 0.0010 0.8660 0.0264 0.1011 0.0021 657 32 633 14 621 12 621 12 102% 
SN-10 104 0.0706 0.0012 1.4384 0.0245 0.1475 0.0013 945 21 905 10 887 7 887 7 102% 
SN-10 105 0.0595 0.0011 0.8072 0.0146 0.0982 0.0008 585 25 601 8 604 5 604 5 100% 
SN-10 106 0.0578 0.0011 0.7544 0.0139 0.0945 0.0009 523 24 571 8 582 5 582 5 98% 
SN-10 107 0.0595 0.0018 0.8155 0.0240 0.0994 0.0011 585 45 606 13 611 6 611 6 99% 
SN-10 108 0.0597 0.0011 0.8272 0.0148 0.1002 0.0008 593 24 612 8 615 5 615 5 100% 
SN-10 109 0.0620 0.0010 0.9642 0.0154 0.1125 0.0009 672 20 685 8 687 5 687 5 100% 
SN-10 110 0.0669 0.0012 1.0761 0.0220 0.1160 0.0012 834 25 742 11 708 7 708 7 105% 
SN-10 111 0.0697 0.0018 1.5266 0.0354 0.1588 0.0015 921 53 941 14 950 8 950 8 99% 
SN-10 112 0.0631 0.0010 0.9096 0.0220 0.1038 0.0019 711 24 657 12 637 11 637 11 103% 
SN-10 113 0.0615 0.0008 0.7740 0.0122 0.0909 0.0008 656 19 582 7 561 5 561 5 104% 
SN-10 114 0.0618 0.0011 0.8574 0.0132 0.1007 0.0009 666 38 629 7 618 5 618 5 102% 
SN-10 115 0.0596 0.0010 0.7664 0.0124 0.0929 0.0008 590 21 578 7 573 4 573 4 101% 
SN-10 116 0.0601 0.0015 0.8600 0.0227 0.1035 0.0012 607 38 630 12 635 7 635 7 99% 
SN-10 117 0.0861 0.0017 2.4213 0.0426 0.2043 0.0022 1340 18 1249 13 1198 11 1340 18 112% 
SN-10 118 0.1801 0.0025 11.9493 0.1800 0.4797 0.0044 2653 13 2600 14 2526 19 2653 13 105% 
SN-10 119 0.1347 0.0082 6.6326 0.3588 0.3571 0.0099 2160 109 2064 48 1968 47 2160 109 110% 
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SN-13 01 0.0661 0.0015 0.9192 0.0270 0.1005 0.0018 811 34 662 14 617 10 617 10 107% 
SN-13 02 0.0609 0.0025 0.6858 0.0268 0.0817 0.0009 636 90 530 16 506 5 506 5 105% 
SN-13 03 0.0655 0.0012 0.8594 0.0197 0.0947 0.0012 790 27 630 11 583 7 583 7 108% 
SN-13 04 0.0577 0.0009 0.6877 0.0107 0.0863 0.0007 520 21 531 6 534 4 534 4 99% 
SN-13 05 0.0592 0.0010 0.7359 0.0125 0.0901 0.0008 576 22 560 7 556 5 556 5 101% 
SN-13 06 0.0574 0.0010 0.6689 0.0124 0.0843 0.0007 507 26 520 8 522 4 522 4 100% 
SN-13 07 0.0587 0.0008 0.7183 0.0106 0.0885 0.0007 555 19 550 6 547 4 547 4 101% 
SN-13 08 0.0758 0.0015 1.6827 0.0436 0.1613 0.0036 1090 23 1002 16 964 20 964 20 104% 
SN-13 09 0.0620 0.0015 0.7940 0.0190 0.0928 0.0011 673 31 593 11 572 7 572 7 104% 
SN-13 10 0.0616 0.0011 0.8844 0.0163 0.1038 0.0011 660 23 643 9 636 6 636 6 101% 
SN-13 11 0.0605 0.0011 0.8318 0.0149 0.0996 0.0010 621 22 615 8 612 6 612 6 100% 
SN-13 12 0.0633 0.0010 0.9303 0.0147 0.1063 0.0011 719 17 668 8 651 6 651 6 103% 
SN-13 13 0.0622 0.0008 0.9413 0.0127 0.1093 0.0008 682 16 674 7 669 5 669 5 101% 
SN-13 14 0.0599 0.0010 0.7486 0.0117 0.0904 0.0006 599 22 567 7 558 4 558 4 102% 
SN-13 15 0.0597 0.0010 0.7422 0.0116 0.0901 0.0008 591 20 564 7 556 4 556 4 101% 
SN-13 16 0.0598 0.0013 0.6943 0.0150 0.0841 0.0008 596 31 535 9 521 5 521 5 103% 
SN-13 17 0.0605 0.0009 0.7687 0.0119 0.0920 0.0008 621 19 579 7 567 5 567 5 102% 
SN-13 18 0.0562 0.0030 0.6909 0.0357 0.0897 0.0014 460 88 533 21 554 8 554 8 96% 
SN-13 19 0.0593 0.0017 0.7164 0.0203 0.0877 0.0010 576 42 549 12 542 6 542 6 101% 
SN-13 20 0.0587 0.0018 0.7225 0.0217 0.0895 0.0009 558 48 552 13 552 5 552 5 100% 
SN-13 21 0.0603 0.0011 0.7645 0.0145 0.0919 0.0007 614 27 577 8 567 4 567 4 102% 
SN-13 22 0.0635 0.0010 0.9120 0.0162 0.1040 0.0012 726 19 658 9 638 7 638 7 103% 
SN-13 23 0.0575 0.0013 0.6709 0.0154 0.0846 0.0009 511 32 521 9 524 5 524 5 99% 
SN-13 24 0.0573 0.0010 0.7143 0.0156 0.0901 0.0011 505 27 547 9 556 7 556 7 98% 
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SN-13 25 0.0566 0.0013 0.6768 0.0158 0.0869 0.0008 475 35 525 10 537 5 537 5 98% 
SN-13 26 0.0556 0.0010 0.6844 0.0136 0.0893 0.0008 435 28 529 8 551 5 551 5 96% 
SN-13 27 0.0587 0.0010 0.7800 0.0179 0.0960 0.0013 556 28 586 10 591 7 591 7 99% 
SN-13 28 0.0593 0.0013 0.8247 0.0247 0.1000 0.0014 577 41 611 14 614 8 614 8 100% 
SN-13 29 0.0558 0.0012 0.6886 0.0145 0.0899 0.0010 443 27 532 9 555 6 555 6 96% 
SN-13 30 0.1102 0.0016 4.9657 0.0747 0.3267 0.0025 1803 16 1813 13 1822 12 1803 16 99% 
SN-13 31 0.2556 0.0033 23.8224 0.3263 0.6756 0.0048 3220 13 3261 13 3327 18 3220 13 97% 
SN-13 32 0.0962 0.0014 4.0565 0.0604 0.3061 0.0023 1551 17 1646 12 1722 11 1551 17 90% 
SN-13 33 0.0950 0.0013 3.9773 0.0590 0.3035 0.0024 1528 16 1630 12 1709 12 1528 16 89% 
SN-13 34 0.0543 0.0009 0.7233 0.0130 0.0967 0.0009 383 24 553 8 595 5 595 5 93% 
SN-13 35 0.0560 0.0029 0.7314 0.0359 0.0966 0.0016 451 79 557 21 594 9 594 9 94% 
SN-13 36 0.0523 0.0016 0.6797 0.0226 0.0942 0.0010 300 56 527 14 580 6 580 6 91% 
SN-13 37 0.0524 0.0011 0.7002 0.0142 0.0970 0.0007 303 33 539 8 597 4 597 4 90% 
SN-13 38 0.0542 0.0012 0.6805 0.0175 0.0907 0.0011 381 36 527 11 560 6 560 6 94% 
SN-13 39 0.1412 0.0022 9.1379 0.1606 0.4686 0.0039 2242 19 2352 16 2478 17 2242 19 90% 
SN-13 40 0.0507 0.0009 0.6590 0.0125 0.0942 0.0007 227 29 514 8 580 4 580 4 89% 
SN-13 41 0.0735 0.0011 1.7189 0.0248 0.1695 0.0015 1027 16 1016 9 1009 8 1027 16 102% 
SN-13 42 0.0594 0.0017 0.7349 0.0211 0.0898 0.0010 583 44 559 12 555 6 555 6 101% 
SN-13 43 0.0765 0.0010 1.8766 0.0272 0.1777 0.0018 1107 14 1073 10 1055 10 1107 14 105% 
SN-13 44 0.0603 0.0010 0.8488 0.0150 0.1019 0.0008 612 25 624 8 626 4 626 4 100% 
SN-13 45 0.0610 0.0011 0.8256 0.0140 0.0981 0.0008 638 23 611 8 603 5 603 5 101% 
SN-13 46 0.0586 0.0025 0.8098 0.0332 0.1014 0.0017 553 59 602 19 622 10 622 10 97% 
SN-13 47 0.1057 0.0012 4.2978 0.0486 0.2941 0.0020 1726 11 1693 9 1662 10 1726 11 104% 
SN-13 48 0.0793 0.0011 2.1403 0.0296 0.1953 0.0016 1180 15 1162 10 1150 8 1180 15 103% 
SN-13 49 0.0593 0.0010 0.8799 0.0151 0.1075 0.0009 577 23 641 8 658 5 658 5 97% 
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SN-13 50 0.0607 0.0010 0.8900 0.0137 0.1062 0.0009 627 19 646 7 651 5 651 5 99% 
SN-13 51 0.1383 0.0017 4.9759 0.0682 0.2601 0.0026 2206 11 1815 12 1490 13 2206 11 148% 
SN-13 52 0.1217 0.0022 2.7300 0.0557 0.1623 0.0020 1982 20 1337 15 969 11 969 11 138% 
SN-13 53 0.0614 0.0012 0.7907 0.0153 0.0934 0.0009 652 26 592 9 575 5 575 5 103% 
SN-13 54 0.1156 0.0014 4.6911 0.0595 0.2932 0.0022 1889 13 1766 11 1658 11 1889 13 114% 
SN-13 55 0.0605 0.0012 0.7400 0.0135 0.0886 0.0009 623 23 562 8 547 5 547 5 103% 
SN-13 56 0.0621 0.0016 0.8555 0.0196 0.0999 0.0012 678 56 628 11 614 7 614 7 102% 
SN-13 57 0.0595 0.0009 0.7377 0.0113 0.0897 0.0009 585 17 561 7 554 5 554 5 101% 
SN-13 58 0.0588 0.0011 0.7596 0.0133 0.0936 0.0008 558 23 574 8 577 5 577 5 99% 
SN-13 59 0.0761 0.0016 1.8814 0.0366 0.1794 0.0017 1096 44 1075 13 1064 9 1096 44 103% 
SN-13 60 0.0665 0.0015 1.2287 0.0254 0.1340 0.0012 822 48 814 12 811 7 811 7 100% 
SN-13 61 0.0709 0.0048 0.8538 0.0577 0.0874 0.0008 953 143 627 32 540 5 540 5 116% 
SN-13 62 0.0587 0.0012 0.6596 0.0129 0.0815 0.0009 554 24 514 8 505 5 505 5 102% 
SN-13 63 0.0592 0.0009 0.7220 0.0089 0.0885 0.0007 574 33 552 5 547 4 547 4 101% 
SN-13 64 0.0590 0.0020 0.7386 0.0233 0.0908 0.0011 567 76 562 14 560 7 560 7 100% 
SN-13 65 0.0573 0.0012 0.7175 0.0154 0.0907 0.0008 501 31 549 9 560 5 560 5 98% 
SN-13 66 0.0615 0.0015 0.8395 0.0195 0.0991 0.0010 657 33 619 11 609 6 609 6 102% 
SN-13 67 0.0588 0.0010 0.6944 0.0117 0.0855 0.0007 559 24 535 7 529 4 529 4 101% 
SN-13 68 0.0587 0.0020 0.7520 0.0243 0.0932 0.0010 557 51 569 14 574 6 574 6 99% 
SN-13 69 0.0619 0.0012 0.8620 0.0155 0.1008 0.0007 671 27 631 8 619 4 619 4 102% 
SN-13 70 0.0949 0.0023 3.4462 0.0805 0.2632 0.0023 1526 31 1515 18 1506 12 1526 31 101% 
SN-13 71 0.0700 0.0023 1.5526 0.0484 0.1608 0.0016 930 69 952 19 961 9 961 9 99% 
SN-13 72 0.0649 0.0037 1.1622 0.0632 0.1299 0.0023 772 124 783 30 787 13 787 13 99% 
SN-13 73 0.0585 0.0013 0.7235 0.0162 0.0896 0.0008 547 34 553 10 553 4 553 4 100% 
SN-13 74 0.0510 0.0010 0.2566 0.0045 0.0365 0.0003 240 46 232 4 231 2 231 2 100% 
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SN-13 75 0.0697 0.0078 0.9208 0.1028 0.0960 0.0009 920 221 663 54 591 5 591 5 112% 
SN-13 76 0.1006 0.0063 1.3104 0.0851 0.0936 0.0013 1636 100 850 37 576 8 576 8 148% 
SN-13 77 0.0602 0.0016 0.7966 0.0200 0.0959 0.0009 611 39 595 11 590 5 590 5 101% 
SN-13 78 0.0521 0.0019 0.2743 0.0090 0.0381 0.0004 292 56 246 7 241 2 241 2 102% 
SN-13 79 0.0629 0.0025 1.0506 0.0409 0.1212 0.0017 705 58 729 20 738 10 738 10 99% 
SN-13 80 0.0792 0.0016 2.2038 0.0451 0.2014 0.0021 1176 24 1182 14 1183 11 1176 24 99% 
SN-13 81 0.0785 0.0014 2.2258 0.0380 0.2050 0.0017 1160 21 1189 12 1202 9 1160 21 97% 
SN-13 82 0.1210 0.0019 5.5901 0.0974 0.3338 0.0036 1970 16 1915 15 1857 17 1970 16 106% 
SN-13 83 0.0699 0.0015 1.5375 0.0296 0.1595 0.0016 925 24 945 12 954 9 954 9 99% 
SN-13 84 0.0767 0.0025 1.6212 0.0468 0.1548 0.0023 1113 34 978 18 928 13 928 13 105% 
SN-13 85 0.0575 0.0013 0.7200 0.0151 0.0907 0.0007 510 32 551 9 560 4 560 4 98% 
SN-13 86 0.1231 0.0075 3.4745 0.1800 0.2047 0.0067 2002 112 1521 41 1200 36 2002 112 167% 
SN-13 87 0.0604 0.0010 0.9141 0.0155 0.1096 0.0011 616 20 659 8 670 6 670 6 98% 
SN-13 88 0.0696 0.0015 1.5055 0.0335 0.1564 0.0016 917 29 933 14 937 9 937 9 100% 
SN-13 89 0.0574 0.0023 0.7501 0.0302 0.0943 0.0012 508 67 568 17 581 7 581 7 98% 
SN-13 90 0.0709 0.0013 1.6902 0.0302 0.1724 0.0018 954 20 1005 11 1025 10 954 20 93% 
SN-13 91 0.0522 0.0013 0.4242 0.0120 0.0594 0.0006 295 46 359 9 372 4 372 4 97% 
SN-13 92 0.0530 0.0014 0.5112 0.0162 0.0707 0.0007 329 54 419 11 440 4 440 4 95% 
SN-13 93 0.0580 0.0017 0.7016 0.0274 0.0886 0.0010 531 65 540 16 548 6 548 6 99% 
SN-13 94 0.0480 0.0015 0.2479 0.0106 0.0381 0.0005 98 75 225 9 241 3 241 3 93% 
SN-13 95 0.1206 0.0018 5.7773 0.2276 0.3534 0.0042 1965 53 1943 34 1951 20 1965 53 101% 
SN-13 96 0.0585 0.0012 0.8538 0.0401 0.1081 0.0016 550 77 627 22 662 9 662 9 95% 
SN-13 97 0.1818 0.0036 12.5954 0.6471 0.5156 0.0084 2669 63 2650 48 2680 36 2669 63 100% 
SN-13 98 0.0575 0.0017 0.7259 0.0442 0.0942 0.0017 511 103 554 26 580 10 580 10 96% 
SN-13 99 0.0566 0.0024 0.6934 0.0504 0.0921 0.0019 477 125 535 30 568 11 568 11 94% 
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SN-13 100 0.1771 0.0036 11.9539 0.8090 0.5057 0.0090 2626 89 2601 63 2638 39 2626 89 100% 
SN-13 101 0.0577 0.0015 0.6558 0.0392 0.0849 0.0014 517 102 512 24 525 8 525 8 98% 
SN-13 102 0.0631 0.0015 0.9746 0.0563 0.1143 0.0024 711 86 691 29 698 14 698 14 99% 
SN-13 103 0.0554 0.0013 0.6231 0.0308 0.0837 0.0012 427 85 492 19 518 7 518 7 95% 
SN-13 104 0.0584 0.0019 0.7099 0.0362 0.0904 0.0015 544 83 545 22 558 9 558 9 98% 
SN-13 105 0.1397 0.0022 5.3526 0.2094 0.2819 0.0041 2224 48 1877 33 1601 20 2224 48 139% 
SN-13 106 0.0560 0.0016 0.4363 0.0179 0.0573 0.0006 451 72 368 13 359 4 359 4 103% 
SN-13 107 0.0488 0.0011 0.2516 0.0082 0.0378 0.0004 140 58 228 7 239 2 239 2 95% 
SN-13 108 0.1309 0.0020 6.5553 0.1597 0.3665 0.0035 2109 29 2053 21 2013 16 2109 29 105% 
SN-13 109 0.0573 0.0013 0.8037 0.0202 0.1028 0.0010 501 38 599 11 631 6 631 6 95% 
SN-13 110 0.0763 0.0012 1.8546 0.0478 0.1768 0.0035 1103 24 1065 17 1049 19 1103 24 105% 
SN-13 111 0.1849 0.0038 10.9752 0.1870 0.4304 0.0049 2698 35 2521 16 2308 22 2698 35 117% 
SN-13 112 0.0625 0.0020 0.8111 0.0239 0.0948 0.0011 690 43 603 13 584 6 584 6 103% 
SN-13 113 0.0594 0.0009 0.7737 0.0115 0.0943 0.0007 582 20 582 7 581 4 581 4 100% 
SN-13 114 0.1838 0.0029 10.7591 0.1456 0.4245 0.0033 2688 26 2503 13 2281 15 2688 26 118% 
SN-13 115 0.0733 0.0031 1.7560 0.0741 0.1749 0.0025 1021 62 1029 27 1039 14 1021 62 98% 
SN-13 116 0.0707 0.0016 1.6074 0.0360 0.1653 0.0015 949 31 973 14 986 8 986 8 99% 
SN-13 117 0.2544 0.0073 19.5832 0.4680 0.5583 0.0089 3212 46 3071 23 2860 37 3212 46 112% 
SN-13 118 0.2671 0.0032 24.4300 0.3125 0.6623 0.0047 3289 11 3286 12 3276 18 3289 11 100% 
SN-13 119 0.0662 0.0020 1.0518 0.0325 0.1156 0.0015 811 43 730 16 705 9 705 9 104% 
SN-13 120 0.0653 0.0028 0.8095 0.0325 0.0905 0.0011 782 63 602 18 559 7 559 7 108% 
SN-13 121 0.0606 0.0020 0.8102 0.0284 0.0965 0.0011 625 56 603 16 594 6 594 6 102% 
SN-13 122 0.0569 0.0015 0.6375 0.0167 0.0813 0.0008 487 40 501 10 504 5 504 5 99% 
SN-13 123 0.0823 0.0015 2.5849 0.0455 0.2279 0.0021 1252 21 1296 13 1323 11 1252 21 95% 
SN-13 124 0.0657 0.0018 1.0505 0.0295 0.1161 0.0014 796 39 729 15 708 8 708 8 103% 
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SN-13 125 0.0566 0.0011 0.6557 0.0125 0.0840 0.0007 475 28 512 8 520 4 520 4 98% 
SN-13 126 0.0997 0.0046 4.0244 0.1702 0.2927 0.0054 1619 88 1639 34 1655 27 1619 88 98% 
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